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Foreword 



The idea for this book came to me just over a year ago, shortly 
after I moved from President to Chairman of the Board of the 
Worldwatch Institute, an organization I founded in 1974. In this 
new role and with more time to think, three things became more 
apparent to me. One, we are losing the war to save the planet. 
Two, we need a vision of what an environmentally sustainable 
economy — an eco-economy — would look like. And three, we need 
a new kind of research organization — one that offers not only a 
vision of an eco-economy, but also frequent assessments of progress 
in realizing that vision. 

When Worldwatch started 27 years ago, we were worried about 
shrinking forests, expanding deserts, eroding soils, deteriorating 
rangelands, and disappearing species. We were just beginning to 
worry about collapsing fisheries. Now the list of concerns is far 
longer, including rising carbon dioxide levels, falling water tables, 
rising temperatures, rivers running dry, stratospheric ozone deple- 
tion, more destructive storms, melting glaciers, rising sea level, and 
dying coral reefs. 

Over this last quarter-century or so, many battles have been 
won, but the gap between what we need to do to arrest the envi- 
ronmental deterioration of the planet and what we are doing con- 
tinues to widen. Somehow we have to turn the tide. 

At present there is no shared vision even within the environ- 
mental community, much less in society at large. Unless we have 
such a vision of where we want to go, we are not likely to get 
there. The purpose of this book is to outline the vision of an eco- 
economy. 

The good news is that when we started Worldwatch, we knew 
that an environmentally sustainable economy was possible, but 
we only had an abstract sense of what it would look like. Today 
we can actually describe with some confidence not only what it 
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will look like but how it will work. Twenty-seven years ago, the 
modern wind power industry had not yet been born. Now, world- 
wide, we have behind us a phenomenal decade of 24 percent an- 
nual growth. 

Thanks to the U.S. Department of Energy's National Wind Re- 
sources Inventory, we now know that North Dakota, Kansas, and 
Texas have enough harnessable wind energy to satisfy national elec- 
tricity needs. In the United States, wind electric generation is pro- 
jected to grow by more than 60 percent in 2001. With the low-cost 
electricity that comes from wind turbines, we have the option of 
electrolyzing water to produce hydrogen, the fuel of choice for the 
fuel cell engines that every major automobile manufacturer is now 
working on. 

Wind turbines are replacing coal mines in Europe. Denmark, 
which has banned the construction of coal-fired power plants, now 
gets 15 percent of its electricity from wind. In some communities 
in northern Germany, 75 percent of the electricity needs are satis- 
fied by wind power. 

A generation ago we knew that silicon cells could convert sun- 
light into electricity, but the solar roofing material developed in 
Japan that enables rooftops to become the power plants of build- 
ings was still in the future. Today more than 1 million homes world- 
wide get their electricity from solar cells. 

Today major corporations are committed to comprehensive re- 
cycling, to closing the loop in the materials economy. 
STMicroelectronics in Italy and Interface in the United States, a 
leading manufacturer of industrial carpet, are both striving for zero 
carbon emissions. Shell Hydrogen and DaimlerChrysler are work- 
ing with Iceland to make it the world's first hydrogen-powered 
economy. 

What became apparent to me in my reflections a year ago was 
that to achieve these goals, we need a new kind of research insti- 
tute. Thus in May of this year, with fellow incorporators Reah 
Janise Kauffman and Janet Larsen, I launched the Earth Policy In- 
stitute. Eco-Economy: Building an Economy for the Earth is our 
first book. We have also begun issuing Earth Policy Alerts, four- 
page pieces dealing with topics such as worldwide wind power 
development and the dust bowl that is forming in northwest China. 
These pieces highlight trends that affect our movement toward an 
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eco-economy. 

No one I know is qualified to write a book of this scope. Cer- 
tainly I am not, but someone has to give it a try. Every chapter 
could have been a book in its own right. Indeed, individual sec- 
tions of chapters have been the subject of books. Beyond the range 
of issues covered, an analysis that integrates across fields of knowl- 
edge is not easy, particularly when it embraces ecology and eco- 
nomics — two disciplines that start with contrasting premises. 

People appear hungry for a vision, for a sense of how we can 
reverse the environmental deterioration of the earth. More and 
more people want to get involved. When I give talks on the state 
of the world in various countries, the question I am asked most 
frequently is, What can I do? People recognize the need for action 
and they want to do something. My response is always that we 
need to make personal changes, involving everything from using 
bicycles more and cars less to recycling our daily newspapers. But 
that in itself will not be enough. We have to change the system. 
And to do that, we need to restructure the tax system, reducing 
income taxes and increasing taxes on environmentally destruc- 
tive activities so that prices reflect the ecological truth. Anyone 
who wants to reverse the deterioration of the earth will have to 
work to restructure taxes. 

This book is not the final word. It is a work in progress. We will 
continue to unfold the issues, update the data, and refine the analy- 
sis. If you are interested in receiving the four-page Earth Policy 
Alerts, please visit our Web site at <www.earth-policy.org>, where 
you can sign up to receive them as they are released. 

Our goal is to publish this book in all the world's major lan- 
guages. In addition to the North American edition, there will also 
be a U.K./Commonwealth edition designed to reach most of the 
rest of the English-speaking world. In East Asia, arrangements are 
already being made for Chinese, Japanese, and Korean editions. 
We are also working on Italian and Portuguese editions. And we 
know that EPI Board member Hamid Taravaty from Iran is plan- 
ning a Persian edition. 

This book can be downloaded without charge from our Web 
site. Permission for reprinting or excerpting portions of the manu- 
script can be obtained from Reah Janise Kauffman at 
<rjkauffman@earth-policy.org> or by fax or mail. 
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We welcome your input in analyzing these issues. If you have 
any thoughts or recent papers or articles that you would like to 
share with us, we would be delighted to receive them. 

Lester R. Brown 
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The Economy 
and the Earth 



In 1543, Polish astronomer Nicolaus Copernicus published "On 
the Revolutions of the Celestial Spheres," in which he challenged 
the view that the Sun revolved around the earth, arguing instead 
that the earth revolved around the Sun. With his new model of the 
solar system, he began a wide-ranging debate among scientists, theo- 
logians, and others. His alternative to the earlier Ptolemaic model, 
which had the earth at the center of the universe, led to a revolu- 
tion in thinking, to a new worldview. 1 

Today we need a similar shift in our worldview, in how we think 
about the relationship between the earth and the economy. The 
issue now is not which celestial sphere revolves around the other 
but whether the environment is part of the economy or the economy 
is part of the environment. Economists see the environment as a 
subset of the economy. Ecologists, on the other hand, see the 
economy as a subset of the environment. 

Like Ptolemy's view of the solar system, the economists' view is 
confusing efforts to understand our modern world. It has created 
an economy that is out of sync with the ecosystem on which it 
depends. 

Economic theory and economic indicators do not explain how 
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the economy is disrupting and destroying the earth's natural sys- 
tems. Economic theory does not explain why Arctic Sea ice is melt- 
ing. It does not explain why grasslands are turning into desert in 
northwestern China, why coral reefs are dying in the South Pacific, 
or why the Newfoundland cod fishery collapsed. Nor does it ex- 
plain why we are in the early stages of the greatest extinction of 
plants and animals since the dinosaurs disappeared 65 million years 
ago. Yet economics is essential to measuring the cost to society of 
these excesses. 

Evidence that the economy is in conflict with the earth's natural 
systems can be seen in the daily news reports of collapsing fisher- 
ies, shrinking forests, eroding soils, deteriorating rangelands, ex- 
panding deserts, rising carbon dioxide (C0 2 ) levels, falling water 
tables, rising temperatures, more destructive storms, melting gla- 
ciers, rising sea level, dying coral reefs, and disappearing species. 
These trends, which mark an increasingly stressed relationship be- 
tween the economy and the earth's ecosystem, are taking a grow- 
ing economic toll. At some point, this could overwhelm the world- 
wide forces of progress, leading to economic decline. The challenge 
for our generation is to reverse these trends before environmental 
deterioration leads to long-term economic decline, as it did for so 
many earlier civilizations. 

These increasingly visible trends indicate that if the operation 
of the subsystem, the economy, is not compatible with the behav- 
ior of the larger system — the earth's ecosystem — both will eventu- 
ally suffer. The larger the economy becomes relative to the ecosys- 
tem, and the more it presses against the earth's natural limits, the 
more destructive this incompatibility will be. 

An environmentally sustainable economy — an eco-economy — 
requires that the principles of ecology establish the framework for 
the formulation of economic policy and that economists and ecolo- 
gists work together to fashion the new economy. Ecologists under- 
stand that all economic activity, indeed all life, depends on the earth's 
ecosystem — the complex of individual species living together, in- 
teracting with each other and their physical habitat. These millions 
of species exist in an intricate balance, woven together by food 
chains, nutrient cycles, the hydrological cycle, and the climate sys- 
tem. Economists know how to translate goals into policy. Econo- 
mists and ecologists working together can design and build an eco- 
economy, one that can sustain progress. 
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Just as recognition that the earth was not the center of the solar 
system set the stage for advances in astronomy, physics, and re- 
lated sciences, so will recognition that the economy is not the cen- 
ter of our world create the conditions to sustain economic progress 
and improve the human condition. After Copernicus outlined his 
revolutionary theory, there were two very different worldviews. 
Those who retained the Ptolemaic view of the world saw one world, 
and those who accepted the Copernican view saw a quite different 
one. The same is true today of the disparate worldviews of econo- 
mists and ecologists. 

These differences between ecology and economics are funda- 
mental. For example, ecologists worry about limits, while econo- 
mists tend not to recognize any such constraints. Ecologists, taking 
their cue from nature, think in terms of cycles, while economists 
are more likely to think linearly, or curvilinearly. Economists have 
a great faith in the market, while ecologists often fail to appreciate 
the market adequately. 

The gap between economists and ecologists in their perception 
of the world as the new century begins could not be wider. Econo- 
mists look at the unprecedented growth of the global economy 
and of international trade and investment and see a promising fu- 
ture with more of the same. They note with justifiable pride that 
the global economy has expanded sevenfold since 1950, raising 
output from $6 trillion of goods and services to $43 trillion in 
2000, boosting living standards to levels not dreamed of before. 
Ecologists look at this same growth and realize that it is the prod- 
uct of burning vast quantities of artificially cheap fossil fuels, a 
process that is destabilizing the climate. They look ahead and see 
more intense heat waves, more destructive storms, melting ice caps, 
and a rising sea level that will shrink the land area even as popula- 
tion continues to grow. While economists see booming economic 
indicators, ecologists see an economy that is altering the climate 
with consequences that no one can foresee. 2 

As the new century gets under way, economists look at grain 
markets and see the lowest grain prices in two decades — a sure sign 
that production capacity is outrunning effective demand, that sup- 
ply constraints are not likely to be an issue for the foreseeable fu- 
ture. Ecologists, meanwhile, see water tables falling in key food- 
producing countries, and know that 480 million of the world's 6.1 
billion people are being fed with grain produced by overpumping 
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aquifers. They are worried about the effect of eventual aquifer deple- 
tion on food production. 3 

Economists rely on the market to guide their decisionmaking. 
They respect the market because it can allocate resources with an 
efficiency that a central planner can never match (as the Soviets 
learned at great expense). Ecologists view the market with less rev- 
erence because they see a market that is not telling the truth. For 
example, when buying a gallon of gasoline, customers in effect pay 
to get the oil out of the ground, refine it into gasoline, and deliver 
it to the local service station. But they do not pay the health care 
costs of treating respiratory illness from air pollution or the costs 
of climate disruption. 

Ecologists see the record economic growth of recent decades, 
but they also see an economy that is increasingly in conflict with its 
support systems, one that is fast depleting the earth's natural capi- 
tal, moving the global economy onto an environmental path that 
will inevitably lead to economic decline. They see the need for a 
wholesale restructuring of the economy so that it meshes with the 
ecosystem. They know that a stable relationship between the 
economy and the earth's ecosystem is essential if economic progress 
is to be sustained. 

We have created an economy that cannot sustain economic 
progress, an economy that cannot take us where we want to go. 
Just as Copernicus had to formulate a new astronomical worldview 
after several decades of celestial observations and mathematical 
calculations, we too must formulate a new economic worldview 
based on several decades of environmental observations and analy- 
ses. 

Although the idea that economics must be integrated into ecol- 
ogy may seem radical to many, evidence is mounting that it is the 
only approach that reflects reality. When observations no longer 
support theory, it is time to change the theory — what science histo- 
rian Thomas Kuhn calls a paradigm shift. If the economy is a sub- 
set of the earth's ecosystem, as this book contends, the only formu- 
lation of economic policy that will succeed is one that respects the 
principles of ecology. 4 

The good news is that economists are becoming more ecologi- 
cally aware, recognizing the inherent dependence of the economy 
on the earth's ecosystem. For example, some 2,500 economists — 
including eight Nobel laureates — have endorsed the introduction 
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of a carbon tax to stabilize climate. More and more economists are 
looking for ways to get the market to tell the ecological truth. This 
spreading awareness is evident in the rapid growth of the Interna- 
tional Society of Ecological Economics, which has 1,200 members 
and chapters in Australia/New Zealand, Brazil, Canada, India, 
Russia, China, and throughout Europe. Its goal is to integrate the 
thinking of ecologists and economists into a transdiscipline aimed 
at building a sustainable world. 5 

Economy Self-Destructing 

The economic indicators for the last half-century show remarkable 
progress. As noted earlier, the economy expanded sevenfold be- 
tween 1950 and 2000. International trade grew even more rapidly. 
The Dow Jones Index, a widely used indicator of the value of stocks 
traded on the New York Stock Exchange, climbed from 3,000 in 
1990 to 11,000 in 2000. It was difficult not to be bullish about the 
long-term economic prospect as the new century began. 6 

Difficult, that is, unless you look at the ecological indicators. 
Here, virtually every global indicator was headed in the wrong di- 
rection. The economic policies that have yielded the extraordinary 
growth in the world economy are the same ones that are destroy- 
ing its support systems. By any conceivable ecological yardstick, 
these are failed policies. Mismanagement is destroying forests, range- 
lands, fisheries, and croplands — the four ecosystems that supply 
our food and, except for minerals, all our raw materials as well. 
Although many of us live in a high-tech urbanized society, we are 
as dependent on the earth's natural systems as our hunter-gatherer 
forebears were. 

To put ecosystems in economic terms, a natural system, such as 
a fishery, functions like an endowment. The interest income from 
an endowment will continue in perpetuity as long as the endow- 
ment is maintained. If the endowment is drawn down, income de- 
clines. If the endowment is eventually depleted, the interest income 
disappears. And so it is with natural systems. If the sustainable 
yield of a fishery is exceeded, fish stocks begin to shrink. Eventu- 
ally stocks are depleted and the fishery collapses. The cash flow 
from this endowment disappears as well. 

As we begin the twenty-first century, our economy is slowly 
destroying its support systems, consuming its endowment of natu- 
ral capital. Demands of the expanding economy, as now structured, 
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are surpassing the sustainable yield of ecosystems. Easily a third of 
the world's cropland is losing topsoil at a rate that is undermining 
its long-term productivity. Fully 50 percent of the world's range- 
land is overgrazed and deteriorating into desert. The world's for- 
ests have shrunk by about half since the dawn of agriculture and 
are still shrinking. Two thirds of oceanic fisheries are now being 
fished at or beyond their capacity; overfishing is now the rule, not 
the exception. And overpumping of underground water is com- 
mon in key food-producing regions. 7 

Over large areas of the world, the loss of topsoil from wind and 
water erosion now exceeds the natural formation of new soil, gradu- 
ally draining the land of its fertility. In an effort to curb this, the 
United States is retiring highly erodible cropland that was earlier 
plowed in overly enthusiastic efforts to expand food production. 
This process began in 1985 with the Conservation Reserve Pro- 
gram that paid farmers to retire 15 million hectares, roughly one 
tenth of U.S. cropland, converting it back to grassland or forest 
before it became wasteland. 8 

In countries that lack such programs, farmers are being forced 
to abandon highly erodible land that has lost much of its topsoil. 
Nigeria is losing over 500 square kilometers of productive land to 
desert each year. In Kazakhstan, site of the 1950s Soviet Virgin 
Lands project, half the cropland has been abandoned since 1980 
as soil erosion lowered its productivity. This has dropped 
Kazakhstan's wheat harvest from roughly 13 million tons in 1980 
to 8 million tons in 2000 — an economic loss of $900 million per 
year. 9 

The rangelands that supply much of the world's animal protein 
are also under excessive pressure. As human populations grow, so 
do livestock numbers. With 180 million people worldwide now 
trying to make a living raising 3.3 billion cattle, sheep, and goats, 
grasslands are simply collapsing under the demand. As a result of 
overstocking, grasslands are now deteriorating in much of Africa, 
the Middle East, Central Asia, the northern part of the Indian sub- 
continent, and much of northwestern China. Overgrazing is now 
the principal cause of desertification, the conversion of productive 
land into desert. In Africa, the annual loss of livestock production 
from the cumulative degradation of rangeland is estimated at $7 
billion, a sum almost equal to the gross domestic product of Ethio- 
pia. 10 
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In China, the combination of overplowing and overgrazing to 
satisfy rapidly expanding food needs is creating a dust bowl remi- 
niscent of the U.S. Dust Bowl of the 1930s — but much larger. In a 
desperate effort to maintain grain self-sufficiency, China has plowed 
large areas of the northwest, much of it land that is highly erodible 
and should never have been plowed. 11 

As the country's demand for livestock products — meat, leather, 
and wool — has climbed, so have the numbers of livestock, far ex- 
ceeding those of the United States, a country with comparable graz- 
ing capacity. In addition to the direct damage from overplowing 
and overgrazing, the northern half of China is literally drying out 
as aquifers are depleted by overpumping. 12 

These trends are converging to form some of the largest dust 
storms ever recorded. The huge dust plumes, traveling eastward, 
affect the cities of northeast China — blotting out the sun and re- 
ducing visibility. Eastward-moving winds also carry soil from 
China's northwest to the Korean Peninsula and Japan, where people 
regularly complain about the dust clouds that filter out the sun- 
light and blanket everything with dust. Unless China can reverse 
the overplowing and overgrazing trends that are creating the dust 
bowl, these trends could spur massive migration into the already 
crowded cities of the northeast and undermine the country's eco- 
nomic future. 13 

The world is also running up a water deficit. The overpumping 
of aquifers, now commonplace on every continent, has led to fall- 
ing water tables as pumping exceeds aquifer recharge from precipi- 
tation. Irrigation problems are as old as irrigation itself, but this is 
a new threat, one that has evolved over the last half-century with 
the advent of diesel pumps and powerful electrically driven pumps. 

Water tables are falling under large expanses of the three lead- 
ing food-producing countries — China, India, and the United States. 
Under the North China Plain, which accounts for 25 percent of 
China's grain harvest, the water table is falling by roughly 1.5 meters 
(5 feet) per year. The same thing is happening under much of India, 
particularly the Punjab, the country's breadbasket. In the United 
States, water tables are falling under the grain-growing states of 
the southern Great Plains, shrinking the irrigated area. 14 

The diversion of water to provide supplies for irrigation and for 
cities is also excessive, leaving little or no water in some rivers. The 
Colorado, the major river in the southwestern United States, now 
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rarely makes it to the sea. China's Yellow River, the cradle of Chi- 
nese civilization, runs dry for part of each year, depriving farmers 
in its lower reaches of irrigation water. The Indus and the Ganges 
barely reach the sea during the dry season. Little water from the 
Nile reaches the Mediterranean at any time. Draining rivers dry 
disrupts the symbiotic relationship between the oceans and the 
continents. The oceans water the continents as moisture-laden air 
masses move inland, and the continents nourish the oceans as the 
returning water carries nutrients with it. 15 

Economic demands on forests are also excessive. Trees are be- 
ing cut or burned faster than they can regenerate or be planted. 
Overharvesting is common in many regions, including Southeast 
Asia, West Africa, and the Brazilian Amazon. Worldwide, forests 
are shrinking by over 9 million hectares per year, an area equal to 
Portugal. 16 

In addition to being overharvested, some rainforests are now 
being destroyed by fire. Healthy rainforests do not burn, but log- 
ging and the settlements that occur along logging roads have frag- 
mented and dried out tropical rainforests to the point where they 
often will burn easily, ignited by a lightning strike or set afire by 
opportunistic plantation owners, farmers, and ranchers desiring 
more land. 

In the late summer of 1997, during an El Nino-induced drought, 
tropical rainforests in Borneo and Sumatra burned out of control. 
This conflagration made the news because the smoke drifting over 
hundreds of kilometers affected people not only in Indonesia but 
also in Malaysia, Singapore, Viet Nam, Thailand, and the Philip- 
pines. A reported 1,100 airline flights in the region were canceled 
due to the smoke. Motorists drove with their headlights on during 
the day, trying to make their way through the thick haze. Millions 
of people became physically sick. 17 

Deforestation can be costly. Record flooding in the Yangtze River 
basin during the summer of 1998 drove 120 million people from 
their homes. Although initially referred to as a "natural disaster," 
the removal of 85 percent of the original tree cover in the basin 
had left little vegetative cover to hold the heavy rainfall. 18 

Deforestation also diminishes the recycling of water inland, thus 
reducing rainfall in the interior of continents. When rain falls on a 
healthy stand of dense forest, roughly one fourth runs off, return- 
ing to the sea, while three fourths evaporates, either directly or 
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through transpiration. When land is cleared for farming or grazing 
or is clearcut by loggers, this ratio is reversed — three fourths of the 
water returns to the sea and one fourth evaporates to be carried 
further inland. As deforestation progresses, nature's mechanism for 
watering the interior of large continents such as Africa and Asia is 
weakening. 19 

Evidence of excessive human demands can also be seen in the 
oceans. As the human demand for animal protein has climbed over 
the last several decades, it has begun to exceed the sustainable yield 
of oceanic fisheries. As a result, two thirds of oceanic fisheries are 
now being fished at their sustainable yield or beyond. Many are 
collapsing. In 1992, the rich Newfoundland cod fishery that had 
been supplying fish for several centuries collapsed abruptly, cost- 
ing 40,000 Canadians their jobs. Despite a subsequent ban on fish- 
ing, nearly a decade later the fishery has yet to recover. 20 

Farther to the south, the U.S. Chesapeake Bay has experienced 
a similar decline. A century ago, this extraordinarily productive 
estuary produced over 100 million pounds of oysters a year. In 
1999, it produced barely 3 million pounds. The Gulf of Thailand 
fishery has suffered a similarly dramatic decline: depleted by over- 
fishing, the catch has dropped by over 80 percent since 1963, 
prompting the Thai Fisheries Department to ban fishing in large 
areas. 21 

The world is also losing its biological diversity as plant and ani- 
mal species are destroyed faster than new species evolve. This bio- 
logical impoverishment of the earth is the result of habitat destruc- 
tion, pollution, climate alteration, and hunting. With each update 
of its Red List of Threatened Species, the World Conservation 
Union-IUCN shows us moving further into a period of mass ex- 
tinction. In the latest assessment, released in 2000, IUCN reports 
that one out of eight of the world's 9,946 bird species is in danger 
of extinction, as is one in four of the 4,763 mammal species and 
nearly one third of all 25,000 fish species. 22 

Some countries have already suffered extensive losses. Austra- 
lia, for example, has lost 16 of 140 mammal species over the last 
two centuries. In the Colorado River system of the southwestern 
United States, 29 of 50 native species offish have disappeared partly 
because their river habitats were drained dry. Species lost cannot 
be regained. As a popular bumper sticker aptly points out, "Ex- 
tinction is forever." 23 
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The economic benefits of the earth's diverse array of life are 
countless. They include not only the role of each species in main- 
taining the particular ecosystem of which it is a part, but economic 
roles as well, such as providing drugs and germplasm. As diversity 
diminishes, nature's pharmacy shrinks, depriving future generations 
of new discoveries. 

Even as expanding economic activity has been creating biologi- 
cal deficits, it has been upsetting some of nature's basic balances in 
other areas. With the huge growth in burning of fossil fuels since 
1950, carbon emissions have overwhelmed the capacity of the 
earth's ecosystem to fix carbon dioxide. The resulting rise in atmo- 
spheric C0 2 levels is widely believed by atmospheric scientists to 
be responsible for the earth's rising temperature. The 14 warmest 
years since recordkeeping began in 1866 have all occurred since 
1980. 24 

One consequence of higher temperatures is more energy driving 
storm systems. Three powerful winter storms in France in Decem- 
ber 1999 destroyed millions of trees, some of which had been stand- 
ing for centuries. Thousands of buildings were demolished. These 
storms, the most violent on record in France, wreaked more than 
$10 billion worth of damage — $170 for each French citizen. Na- 
ture was levying a tax of its own on fossil fuel burning. 25 

In October 1998, Hurricane Mitch — one of the most powerful 
storms ever to come out of the Atlantic — moved through the Car- 
ibbean and stalled for several days on the coast of Central America. 
While there, it acted as a huge pump pulling water from the ocean 
and dropping it over the land. Parts of Honduras received 2 meters 
of rainfall within a few days. So powerful was this storm and so 
vast the amount of water it dropped on Central America that it 
altered the topography, converting mountains and hills into vast 
mud flows that simply inundated whole villages, claiming an esti- 
mated 10,000 lives. Four fifths of the crops were destroyed. The 
huge flow of rushing water removed all the topsoil in many areas, 
ensuring that this land will not be farmed again during our life- 
times. 26 

The overall economic effect of the storm was devastating. The 
wholesale destruction of roads, bridges, buildings, and other infra- 
structure set back the development of Honduras and Nicaragua by 
decades. The estimated $8.5 billion worth of damage in the region 
approached the gross domestic product of both countries combined. 27 
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Natural disasters are on the increase. Munich Re, one of the 
world's largest re-insurance companies, reported that three times 
as many great natural catastrophes occurred during the 1990s as 
during the 1960s. Economic losses increased eightfold. Insured 
losses multiplied 15-fold. Although Munich Re's classification does 
not distinguish between natural and human-induced catastrophes, 
much of the increase appears to be due to catastrophes, including 
storms, droughts, and wild fires that are either exacerbated or caused 
by human activities. 28 

Insurers are keenly aware that even modest changes in climate 
can lead to quantum jumps in damage. For example, a 10-percent 
increase in a storm's wind speed can double the damage it inflicts. 
The cost of dealing with rising sea level from a modest temperature 
rise could easily overwhelm the economies of many countries. 29 

Andrew Dlugolecki, a senior officer at the CGMU Insurance 
Group — Britain's largest insurance group — reports that property 
damage worldwide is rising roughly 10 percent a year. He believes 
that we are only beginning to see the economic fallout from cli- 
mate change. At this rate of growth, by 2065 the amount of dam- 
age would exceed the projected gross world product. Well before 
then, Dlugolecki notes, the world would face bankruptcy. 30 

Perhaps the most disturbing consequence of rising temperature 
is ice melting. Over the last 35 years, the ice covering the Arctic Sea 
has thinned by 42 percent. A study by two Norwegian scientists 
projects that within 50 years there will be no summer ice left in the 
Arctic Sea. The discovery of open water at the North Pole by an ice 
breaker cruise ship in mid-August 2000 stunned many in the scien- 
tific community. 31 

This particular thawing does not affect sea level because the ice 
that is melting is already in the ocean. But the Greenland ice sheet 
is also starting to melt. Greenland is three times the size of Texas 
and the ice sheet is up to 2 kilometers (1.2 miles) thick in some 
areas. An article in Science notes that if the entire ice sheet were to 
melt, it would raise sea level by some 7 meters (23 feet), inundating 
the world's coastal cities and Asia's rice-growing river floodplains. 
Even a 1 -meter rise would cover half of Bangladesh's riceland, drop- 
ping food production below the survival level for millions of 
people. 32 

As the twenty-first century begins, humanity is being squeezed 
between deserts expanding outward and rising seas encroaching 
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inward. Civilization is being forced to retreat by forces it has cre- 
ated. Even as population continues to grow, the habitable portion 
of the planet is shrinking. 

Aside from climate change, the economic effects of environmental 
destruction and disruption have been mostly local — collapsing fish- 
eries, abandoned cropland, and shrinking forests. But if local dam- 
age keeps accumulating, it will eventually affect global economic 
trends. In an increasingly integrated global economy, local ecosys- 
tem collapse can have global economic consequences. 

Lessons from the Past 

In The Collapse of Complex Civilizations, Joseph Tainter describes 
the decline of early civilizations and speculates about the causes. 
Was it because of the degradation of their environment, climate 
change, civil conflict, foreign invaders? Or, he asks, "is there some 
mysterious internal dynamic to the rise and fall of civilizations?" 33 

As he ponders the contrast between civilizations that once flour- 
ished and the desolation of the sites they occupied, he quotes ar- 
cheologist Robert McC. Adams, who described the site of the an- 
cient Sumerian civilization located on the central floodplain of the 
Euphrates River, an empty, desolate area now outside the frontiers 
of cultivation. Adams described how the "tangled dunes, long dis- 
used canal levees, and the rubble-strewn mounds of former settle- 
ment contribute only low, featureless relief. Vegetation is sparse, 
and in many areas it is almost wholly absent.... Yet at one time, 
here lay the core, the heartland, the oldest urban, literate civiliza- 
tion in the world." 34 

The early Sumerian civilization of the fourth millennium BC 
was remarkable, advancing far beyond any that had existed be- 
fore. Its irrigation system, based on sophisticated engineering con- 
cepts, created a highly productive agriculture, one that enabled farm- 
ers to produce a surplus of food that supported the formation of 
the first cities. Managing the irrigation system required a complex 
social organization, one that may have been more sophisticated 
than any that had gone before. The Sumerians had the first cities 
and the first written language, the cuneiform script. They were prob- 
ably as excited about it as we are today about the Internet. 35 

It was an extraordinary civilization, but there was an environ- 
mental flaw in the design of the irrigation system, one that would 
eventually undermine its agricultural economy. Water from behind 
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dams was diverted onto the land, raising crop yields. Some of the 
water was used by the crops, some evaporated into the atmosphere, 
and some percolated downward. Over time, this percolation slowly 
raised the water table until eventually it approached the surface of 
the land. When it reached a few feet from the surface it began to 
restrict the growth of deep-rooted crops. Somewhat later, as the 
water climbed to within inches of the surface, it began to evapo- 
rate into the atmosphere. As this happened, the salt in the water 
was left behind. Over time, the accumulation of salt reduced the 
productivity of the land. The environmental flaw was that there 
was no provision for draining the water that percolated down- 
ward. 36 

The initial response of the Sumerians to declining wheat yields 
was to shift to barley, a more salt-tolerant plant. But eventually the 
yields of barley also declined. The resultant shrinkage of the food 
supply undermined the economic foundation of this great civiliza- 
tion. 37 

The New World counterpart to Sumer is the Mayan civilization 
that developed in the lowlands of what is now Guatemala. It flour- 
ished from AD 250 until its collapse around AD 900. Like the 
Sumerians, the Mayans had developed a sophisticated, highly pro- 
ductive agriculture, one that relied on raised plots of earth sur- 
rounded by canals that supplied water. 38 

As with Sumer, the Mayan demise was apparently linked to a 
failing food supply. For this New World civilization, it was defor- 
estation and soil erosion that undermined agriculture. Food scar- 
city may then have triggered civil conflict among the various Mayan 
cities as they competed for food. 39 

During the later centuries of the Mayan civilization, a new soci- 
ety was evolving on Easter Island, some 166 square kilometers of 
land in the South Pacific roughly 3,200 kilometers west of South 
America and 2,200 kilometers from Pitcairn Island, the nearest 
habitation. Settled around AD 400, this civilization flourished on 
a volcanic island with rich soils and lush vegetation, including trees 
that grew 25 meters tall with trunks 2 meters in diameter. Archeo- 
logical records indicate that the islanders ate mainly seafood, prin- 
cipally dolphins — a mammal that could only be caught by har- 
poon from large sea-going canoes since it was not locally available 
in large numbers. 40 

The Easter Island society flourished for several centuries, reach- 
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ing an estimated population of 20,000. As its human numbers 
gradually increased, tree cutting exceeded the sustainable yield of 
forests. Eventually the large trees needed to build the sturdy, ocean- 
going canoes disappeared, depriving islanders of access to the dol- 
phins, thus dramatically shrinking the island's seafood supply. The 
archeological record shows that at some point human bones be- 
came intermingled with the dolphin bones, suggesting a desperate 
society that had resorted to cannibalism. Today the island is occu- 
pied by some 2,000 people. 41 

These are just three of the early civilizations that declined ap- 
parently because at some point they moved onto an economic path 
that was environmentally unsustainable. We, too, are on such a 
path. Any one of several trends of environmental degradation could 
undermine civilization as we know it. Just as the irrigation system 
that defined the early Sumerian economy had a flaw, so too does 
the fossil fuel energy system that defines our modern economy. It is 
raising C0 2 levels in the atmosphere and thus altering the earth's 
climate. 

Whether it was from the salting of the land in Sumer, the soil 
erosion of the Mayans, or the loss of the distant-water fishing ca- 
pacity of the Easter Islanders, collapse of the early civilizations ap- 
pears to have been associated with a decline in food supply. Today 
the addition of 80 million people a year to world population at a 
time when water tables are falling suggests that food supplies again 
may be the vulnerable link between the environment and the 
economy. 42 

The Sumerians did not know that the New World even existed, 
much less that it would one day support flourishing civilizations, 
such as the Mayans. The Mayans had no idea that Easter Island 
existed. Each of these civilizations collapsed in isolation, with no 
effect on the others. But today, in an integrated global economy, a 
collapse in one country or region will affect all of us. Even a cur- 
rency devaluation in a developing country, such as Indonesia, can 
send shock waves through Wall Street half a world away. 

One unanswerable question about these earlier civilizations was 
whether they knew what was causing their decline. Did the 
Sumerians understand that rising salt content in the soil was reduc- 
ing their wheat yields? If they knew, were they simply unable to 
muster the political support needed to lower water tables, just as 
we today are struggling unsuccessfully to lower carbon emissions? 
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Learning from China 

The flow of startling information from China helps us understand 
why our economy cannot take us where we want to go. Not only is 
China the world's most populous country, with nearly 1.3 billion 
people, but since 1980 it has been the world's fastest-growing 
economy — expanding more than fourfold. In effect, China is tele- 
scoping history, demonstrating what happens when large numbers 
of poor people rapidly become more affluent. 43 

As incomes have climbed in China, so has consumption. The 
Chinese have already caught up with Americans in pork consump- 
tion per person and they are now concentrating their energies on 
increasing beef production. Raising per capita beef consumption 
in China to that of the average American would take 49 million 
additional tons of beef. If all this were to come from putting cattle 
in feedlots, American-style, it would require 343 million tons of 
grain a year, an amount equal to the entire U.S. grain harvest. 44 

In Japan, as population pressures on the land mounted during a 
comparable stage of its economic development, the Japanese turned 
to the sea for their animal protein. Last year, Japan consumed nearly 
10 million tons of seafood. If China, with 10 times as many people 
as Japan, were to try to move down this same path, it would need 
100 million tons of seafood — the entire world fish catch. 45 

In 1994, the Chinese government decided that the country would 
develop an automobile-centered transportation system and that the 
automobile industry would be one of the engines of future eco- 
nomic growth. Beijing invited major automobile manufacturers, 
such as Volkswagen, General Motors, and Toyota, to invest in 
China. But if Beijing's goal of an auto-centered transportation sys- 
tem were to materialize and the Chinese were to have one or two 
cars in every garage and were to consume oil at the U.S. rate, China 
would need over 80 million barrels of oil a day — slightly more 
than the 74 million barrels per day the world now produces. To 
provide the required roads and parking lots, it would also need to 
pave some 16 million hectares of land, an area equal to half the 
size of the 31 million hectares of land currently used to produce 
the country's 132-million-ton annual harvest of rice, its leading 
food staple. 46 

Similarly, consider paper. As China modernizes, its paper con- 
sumption is rising. If annual paper use in China of 35 kilograms 
per person were to climb to the U.S. level of 342 kilograms, China 
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would need more paper than the world currently produces. There 
go the world's forests. 47 

We are learning that the western industrial development model 
is not viable for China, simply because there are not enough re- 
sources for it to work. Global land and water resources are not 
sufficient to satisfy the growing grain needs in China if it continues 
along the current economic development path. Nor will the exist- 
ing fossil-fuel-based energy economy supply the needed energy, sim- 
ply because world oil production is not projected to rise much above 
current levels in the years ahead. Apart from the availability of oil, 
if carbon emissions per person in China ever reach the U.S. level, 
this alone would roughly double global emissions, accelerating the 
rise in the atmospheric C0 2 level. 48 

China faces a formidable challenge in fashioning a development 
strategy simply because of the density of its population. Although 
it has almost exactly the same amount of land as the United States, 
most of China's 1.3 billion people live in a 1,500-kilometer strip 
on the eastern and southern coasts. Reaching the equivalent popu- 
lation density in the United States would require squeezing the en- 
tire U.S. population into the area east of the Mississippi and then 
multiplying it by four. 49 

Interestingly, the adoption of the western economic model for 
China is being challenged from within. A group of prominent sci- 
entists, including many in the Chinese Academy of Sciences, wrote 
a white paper questioning the government's decision to develop an 
automobile-centered transportation system. They pointed out that 
China does not have enough land both to feed its people and to 
provide the roads, highways, and parking lots needed to accom- 
modate the automobile. They also noted the heavy dependence on 
imported oil that would be required and the potential air pollution 
and traffic congestion that would result if they followed the U.S. 
path. 50 

If the fossil-fuel-based, automobile-centered, throwaway 
economy will not work for China, then it will not work for India 
with its 1 billion people, or for the other 2 billion people in the 
developing world. In a world with a shared ecosystem and an in- 
creasingly integrated global economy, it will ultimately not work 
for the industrial economies either. 

China is showing that the world cannot remain for long on the 
current economic path. It is underlining the urgency of restructur- 
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ing the global economy, of building a new economy — an economy 
designed for the earth. 

The Acceleration of History 

The pace of change is reaching an extraordinary rate, driven in 
part by technological innovation. Bill Joy, cofounder and chief sci- 
entist of Sun Microsystems, warned in an early 2000 article in Wired 
magazine that rapid advances in robotics, genomics, and 
nanotechnology could yield potentially unmanageable problems. 
He is particularly concerned that our growing dependence on ever 
more intelligent computers could one day enable them to domi- 
nate us. 51 

Rapidly advancing technology is accelerating history, making it 
difficult for social institutions to manage it effectively. This is also 
true for unprecedented world population growth, even faster eco- 
nomic growth, and the increasingly frequent collisions between the 
expanding economy and the limits of the earth's natural systems. 
The current rate of change has no precedent. 

Until recently, population growth was so slow that it aroused 
little concern. But since 1950 we have added more people to world 
population than during the preceding 4 million years since our early 
ancestors first stood upright. Economic expansion in earlier times 
was similarly slow. To illustrate, growth in the world economy 
during the year 2000 exceeded that during the entire nineteenth 
century. 52 

Throughout most of human history, the growth of population, 
the rise in income, and the development of new technologies were 
so slow as to be imperceptible during an individual life span. For 
example, the climb in grainland productivity from 1.1 tons per 
hectare in 1950 to 2.8 tons per hectare in 2000 exceeds that during 
the 11,000 years from the beginning of agriculture until 1950. 53 

The population growth of today has no precedent. Throughout 
most of our existence as a species, our numbers were measured in 
the thousands. Today, they measure in the billions. Our evolution 
has prepared us to deal with many threats, but perhaps not with 
the threat we pose to ourselves with the uncontrolled growth in 
our own numbers. 

The world economy is growing even faster. The sevenfold growth 
in global output of goods and services since 1950 dwarfs anything 
in history. In the earlier stages of the Industrial Revolution, eco- 



20 



ECO-ECONOMY 



nomic expansion rarely exceeded 1 or 2 percent a year. Developing 
countries that are industrializing now are doing so much faster 
than their predecessors simply because they do not have to invent 
the technologies needed by a modern industrial society, such as 
power plants, automobiles, and refrigerators. They can simply draw 
on the experiences and technology of those that preceded them. 54 

More sophisticated financial institutions enable societies to 
mobilize the capital needed for investment today more easily than 
in the past. As a result, the countries that were successfully indus- 
trializing in the late twentieth century did so at a record rate. Eco- 
nomic growth in the developing countries of East Asia, for instance, 
has averaged almost 7 percent annually since 1990 — far higher than 
growth rates in industrial countries at any time in their history. 55 

In another example of rapid change, since 1974 some 28 new 
infectious diseases have been identified — ranging from HIV, which 
has claimed 22 million lives, to new variant Creutzfeldt- Jakob dis- 
ease, the human form of bovine spongiform encephalopathy ( "mad 
cow disease"), with nearly 100 known cases. Some disease agents 
are new; others that were located in remote regions are simply be- 
ing linked to the rest of the world by modern transport systems. 56 

The pace of history is also accelerating as soaring human de- 
mands collide with the earth's natural limits. National political lead- 
ers are spending more time dealing with the consequences of the 
collisions described earlier — collapsing fisheries, falling water tables, 
food shortages, and increasingly destructive storms — along with a 
steadily swelling international flow of environmental refugees and 
the many other effects of overshooting natural limits. As change 
has accelerated, the situation has evolved from one where indi- 
viduals and societies change only rarely to one where they change 
continuously. They are changing not only in response to growth 
itself, but also to the consequences of growth. 

The central question is whether the accelerating change that is 
an integral part of the modern landscape is beginning to exceed the 
capacity of our social institutions to cope with change. Change is 
particularly difficult for institutions dealing with international or 
global issues that require a concerted, cooperative effort by many 
countries with contrasting cultures if they are to succeed. For ex- 
ample, sustaining the existing oceanic fish catch may be possible 
only if numerous agreements are reached among countries on the 
limits to fishing in individual oceanic fisheries. And can govern- 
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ments, working together at the global level, move fast enough to 
stabilize climate before it disrupts economic progress? 

The issue is not whether we know what needs to be done or 
whether we have the technologies to do it. The issue is whether our 
social institutions are capable of bringing about the change in the 
time available. As H.G. Wells wrote in The Outline of History, 
"Human history becomes more and more a race between educa- 
tion and catastrophe." 57 

The Option: Restructure or Decline 

Whether we study the environmental undermining of earlier civili- 
zations or look at how adoption of the western industrial model 
by China would affect the earth's ecosystem, it is evident that the 
existing industrial economic model cannot sustain economic 
progress. In our shortsighted efforts to sustain the global economy, 
as currently structured, we are depleting the earth's natural capital. 
We spend a lot of time worrying about our economic deficits, but 
it is the ecological deficits that threaten our long-term economic 
future. Economic deficits are what we borrow from each other; 
ecological deficits are what we take from future generations. 58 

Herman Daly, the intellectual pioneer of the fast-growing field 
of ecological economics, notes that the world "has passed from an 
era in which manmade capital represented the limiting factor in 
economic development (an 'empty' world) to an era in which in- 
creasingly scarce natural capital has taken its place (a 'full' world)." 
When our numbers were small relative to the size of the planet, it 
was humanmade capital that was scarce. Natural capital was abun- 
dant. Now that has changed. As the human enterprise continues to 
expand, the products and services provided by the earth's ecosys- 
tem are increasingly scarce, and natural capital is fast becoming the 
limiting factor while humanmade capital is increasingly abundant. 59 

Transforming our environmentally destructive economy into one 
that can sustain progress depends on a Copernican shift in our 
economic mindset, a recognition that the economy is part of the 
earth's ecosystem and can sustain progress only if it is restructured 
so that it is compatible with it. The preeminent challenge for our 
generation is to design an eco-economy, one that respects the prin- 
ciples of ecology. A redesigned economy can be integrated into the 
ecosystem in a way that will stabilize the relationship between the 
two, enabling economic progress to continue. 
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Unfortunately, present-day economics does not provide the con- 
ceptual framework needed to build such an economy. It will have 
to be designed with an understanding of basic ecological concepts 
such as sustainable yield, carrying capacity, nutrient cycles, the hy- 
drological cycle, and the climate system. Designers must also know 
that natural systems provide not only goods, but also services — 
services that are often more valuable than the goods. 

We know the kind of restructuring that is needed. In simplest 
terms, our fossil-fuel-based, automobile-centered, throwaway 
economy is not a viable model for the world. The alternative is a 
solar/hydrogen energy economy, an urban transport system that is 
centered on advanced-design public rail systems and that relies more 
on the bicycle and less on the automobile, and a comprehensive 
reuse/recycle economy. And we need to stabilize population as soon 
as possible. 

How do we achieve this economic transformation when all eco- 
nomic decisionmakers — whether political leaders, corporate plan- 
ners, investment bankers, or individual consumers — are guided by 
market signals, not the principles of ecological sustainability? How 
do we integrate ecological awareness into economic 
decisionmaking? Is it possible for all of us who are making eco- 
nomic decisions to "think like ecologists," to understand the eco- 
logical consequences of our decisions? The answer is probably not. 
It simply may not be possible. 

But there may be another approach, a simpler way of achieving 
our goal. Everyone making economic decisions relies on market 
signals for guidance. The problem is that the market often fails to 
tell the ecological truth. It regularly underprices products and ser- 
vices by failing to incorporate the environmental costs of provid- 
ing them. 

Compare, for example, the cost of wind-generated electricity 
with that from a coal-fired power plant. The cost of the wind- 
generated electricity reflects the costs of manufacturing the turbine, 
installing it, maintaining it, and delivering the electricity to con- 
sumers. The cost of the coal-fired electricity includes building the 
power plant, mining the coal, transporting it to the power plant, 
and distributing the electricity to consumers. What it does not in- 
clude is the cost of climate disruption caused by carbon emissions 
from coal burning — whether it be more destructive storms, melt- 
ing ice caps, rising sea level, or record heat waves. Nor does it 
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include the damage to freshwater lakes and forests from acid rain, 
or the health care costs of treating respiratory illnesses caused by 
air pollution. Thus the market price of coal-fired electricity greatly 
understates its cost to society. 

One way to remedy this situation would be to have environ- 
mental scientists and economists work together to calculate the 
cost of climate disruption, acid rain, and air pollution. This figure 
could then be incorporated as a tax on coal-fired electricity that, 
when added to the current price, would give the full cost of coal 
use. This procedure, followed across the board, would mean that 
all economic decisionmakers — governments and individual consum- 
ers — would have the information needed to make more intelligent, 
ecologically responsible decisions. 

We can now see how to restructure the global economy so as to 
restore stability between the economy and the ecosystem on which 
it rests. When I helped to pioneer the concept of environmentally 
sustainable economic development some 27 years ago, at the newly 
formed Worldwatch Institute, I had a broad sense of what the new 
economy would look like. Now we can see much more of the de- 
tail. We can build an eco-economy with existing technologies. It is 
economically feasible if we can get the market to tell us the full cost 
of the products and services that we buy. 

The question is not how much will it cost to make this transfor- 
mation but how much it will cost if we fail to do it. 0ystein Dahle, 
retired Vice President of Esso for Norway and the North Sea, ob- 
serves, "Socialism collapsed because it did not allow prices to tell 
the economic truth. Capitalism may collapse because it does not 
allow prices to tell the ecological truth." 60 

This book has three purposes. The first is to make the case that 
we have no alternative to restructuring the economy if we want 
economic progress to continue in the decades ahead. The second is 
to describe not only the broad structure of the eco-economy, but 
some of its details. And the third is to outline a strategy for getting 
from here to there in the time available. 

Building an eco-economy is exciting and satisfying. It means we 
can live in a world where energy comes from wind turbines instead 
of coal mines, where recycling industries replace mining industries, 
and where cities are designed for people, not for cars. And perhaps 
most important of all, we will have the satisfaction of building an 
economy that will support, not undermine, future generations. 
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Signs of Stress: 
Climate and Water 



On August 19, 2000, the New York Times reported that an ice- 
breaker cruise ship had reached the North Pole only to discover 
this famous frozen site was now open water. For a generation that 
grew up reading the harrowing accounts of explorers such as Ameri- 
can Richard Byrd trying to reach the North Pole as they battled 
bitter cold, ice, and snow, this new view taxed the imagination. 1 

In its many earlier trips to the North Pole, the cruise ship had 
allowed passengers to disembark in order to be photographed stand- 
ing on the ice. This time, the ship had to move several miles away 
to find ice thick enough for the photo session. If the explorers of a 
century or so ago had been trekking to the North Pole in the sum- 
mer of 2000, they would have had to swim the last few miles. 

Media reports of melting ice typically focus on individual gla- 
ciers or ice caps, but the ice is melting almost everywhere. Given 
that the 14 warmest years since recordkeeping began in 1866 have 
all occurred since 1980, this does not come as a surprise. 2 

Water shortages are also in the news. Some of the world's major 
rivers are being drained dry, failing to reach the sea. Among them 
is the Colorado, the major river in the southwestern United States. 
In China, the Yellow River, the northernmost of the country's two 
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major rivers, no longer reaches the sea for part of each year. In 
Central Asia, the Amu Darya sometimes fails to reach the Aral Sea 
because it has been drained dry by upstream irrigation. 3 

Wells are going dry on every continent. As population expands 
and incomes rise, the demand for water is simply outrunning the 
supply in many countries. Those with money drill deeper wells, 
chasing the water table downward. Those unable to deepen their 
wells are left in a difficult position. 

The situation promises to become far more precarious, since 
the 3.2 billion people being added to world population by 2050 
will be born in countries already facing water scarcity. With 40 
percent of the world food supply coming from irrigated land, wa- 
ter scarcity directly affects food security. If we are facing a future of 
water scarcity, we are also facing a future of food scarcity. 4 

Temperature Rising 

Since agriculture began, the earth's climate has been remarkably 
stable. Now the earth's temperature is rising, apparently due to the 
greenhouse effect — the warming that results from the rising con- 
centration of heat-trapping gases, principally carbon dioxide (CO2), 
in the atmosphere. 

This rise in CO2 concentration comes from two sources: the 
burning of fossil fuels and deforestation. Each year, more than 6 
billion tons of carbon are released into the atmosphere as fossil 
fuels are burned. Estimates of the net release of carbon from defor- 
estation vary widely, but they center on 1.5 billion tons per year. 5 

The release of CO2 from these two sources is simply overwhelm- 
ing nature's capacity to fix carbon dioxide. When the Industrial 
Revolution began in 1760, carbon emissions from the burning of 
fossil fuels were negligible. But by 1950, they had reached 1.6 bil- 
lion tons per year, a quantity that was already boosting the atmo- 
spheric C0 2 level. In 2000, they totaled 6.3 billion tons. (See Fig- 
ure 2-1.) This fourfold increase since 1950 is at the heart of the 
greenhouse effect that is warming the earth. 6 

The carbon emissions of individual fossil fuels vary. Coal burn- 
ing releases more carbon per unit of energy produced than oil does, 
and oil more than natural gas. The global fleet of 532 million gaso- 
line-burning automobiles, combined with thousands of coal-fired 
power plants, are literally the engines driving climate change. 7 

In addition, in recent years the world has been losing 9 million 




hectares of forest per year. Forests store easily 20 times as much 
carbon per hectare as does land in crops. If the net loss of forests 
can be eliminated, this source of carbon emissions will disappear. 
In the northern hemisphere, the forested area is actually increasing 
by 3.6 million hectares a year. The big challenge is to arrest and 
reverse the deforestation in developing countries. 8 

At the start of the Industrial Revolution in 1760, the atmospheric 
CO2 concentration was estimated at 280 parts per million (ppm). 
By 2000, it had reached 370 ppm, a rise of 32 percent from pre- 
industrial levels. (See Figure 2-2.) The buildup of atmospheric CO2 
from 1960 to 2000 of 54 ppm far exceeded the 36 ppm rise from 
1760 to I960. 9 

Atmospheric CO2 levels have risen each year since annual mea- 
surements began in 1959, making this one of the most predictable 
of all environmental trends. Physics textbooks point out that as 
atmospheric CO2 levels rise, so will the earth's temperature, and 
this is exactly what is happening. As noted earlier, the 14 warmest 
years since recordkeeping began have all come since 1980. Over 
the last three decades, global average temperature has risen from 
13.99 degrees Celsius in 1969-71 to 14.43 degrees in 1998-2000, 
a gain of 0.44 degrees Celsius (0.8 degrees Fahrenheit). 10 

The dramatic rise in the earth's temperature since 1980 can be 
clearly seen in Figure 2-3. Not only is it rising rapidly, but it is 
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Figure 2-2. Atmospheric Concentrations of 
Carbon Dioxide, 1760-2000 



projected to rise even faster in the next century. If CO2 concentra- 
tions in the atmosphere double pre-industrial levels by the end of 
this century, reaching 560 ppm, the temperature is projected to rise 
by 1.4-5.8 degrees Celsius. Rising temperatures lead to more ex- 
treme climatic events — record heat waves, the melting of ice, rising 
sea level, and more destructive storms. 11 

Projected temperature rises will not be distributed evenly over 
the earth's surface, but will be greater over land areas than over the 
oceans and also greater in the higher latitudes than in the equato- 
rial regions. Inland regions in northern latitudes can expect some 
of the biggest temperature jumps. A taste of what is to come can be 
seen in the July 1995 heat wave in Chicago, when temperatures 
reached 38-41 degrees Celsius (100-106 degrees Fahrenheit) on 
five consecutive days. Although Chicago is a modern industrial 
city with extensive air conditioning, this heat wave claimed more 
than 500 lives. And because Chicago is in the center of the U.S. 
Corn Belt, the intense heat also helped shrink the 1995 U.S. corn 
harvest by some 15 percent or $3 billion. 12 

The Ice Is Melting 

Ice melting is one of the most visible manifestation of global warm- 
ing. Sometimes the evidence that mountain glaciers are melting takes 
novel forms. In late 1991, hikers in the southwestern Alps on the 
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Austrian-Italian border discovered an intact male human body pro- 
truding from a glacier. Apparently trapped in a storm more than 
5,000 years ago and quickly covered with snow and ice, his body 
was remarkably well preserved. In 1999, another body was found 
in a melting glacier in the Yukon Territory of western Canada. As 
I noted at the time, our ancestors are emerging from the ice with a 
message for us: the earth is getting warmer. 13 

In the Arctic Ocean, sea ice is melting fast. As recently as 1960, 
the Arctic sea ice was nearly 2 meters thick. In 2001, it averaged 
scarcely a meter. Over the last four decades, the ice sheet has thinned 
by 42 percent and it has shrunk in area by 6 percent. Together, this 
thinning and shrinkage have reduced the Arctic Ocean ice mass by 
nearly half. This rapid melting is expected to continue. A recent 
study by two Norwegian scientists projects that within 50 years 
the Arctic Ocean could be ice-free during the summer. 14 

In 2000, four U.S. scientists published an article in Science re- 
porting that the vast Greenland ice sheet is starting to melt. Lying 
largely within the Arctic Circle, Greenland is gaining some ice in 
higher elevations on its northern reaches, but it is losing much more 
at lower elevations, particularly along its southern and eastern 
coasts. This huge island of 2.2 million square kilometers (three 
times the size of Texas) is experiencing a net loss of 5 1 billion cubic 
meters of water each year, an amount approaching two thirds of 
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the annual flow of the Nile River as it enters Egypt. 15 

The Antarctic peninsula is also losing ice. In contrast to the North 
Pole, which is covered by the Arctic Sea, the South Pole is covered 
by the continent of Antarctica, a land mass roughly the size of the 
United States. Its continent-sized ice sheet, which is on average 2.3 
kilometers (1.5 miles) thick, is relatively stable. But the ice shelves, 
the portions of the ice sheet that extend into the surrounding seas, 
are fast disappearing. 16 

A team of U.S. and British scientists reported in 1999 that the 
ice shelves on either side of the Antarctic peninsula are in full re- 
treat. From roughly mid-century through 1997, these areas lost 
7,000 square kilometers as the ice sheet disintegrated. But then 
within scarcely one year they lost another 3,000 square kilome- 
ters. Delaware-sized icebergs that have broken off are a threat to 
ships in the area. The scientists attribute the accelerated ice melting 
to a regional temperature rise of 2.5 degrees Celsius (4.5 degrees 
Fahrenheit) since 1940. 17 

These are not the only examples of melting. Lisa Mastny of 
Worldwatch Institute, who reviewed some 30 studies on this topic, 
reports that mountain glaciers are melting worldwide — and at an 
accelerating rate. (See Table 2-1.) The snow/ice mass is shrinking 
in the world's major mountain ranges: the Rocky Mountains, the 
Andes, the Alps, and the Himalayas. In Glacier National Park in 
Montana, the number of glaciers has dwindled from 150 in 1850 
to fewer than 50 today. The U.S. Geological Survey projects that 
the remaining glaciers could disappear within 30 years. 18 

In Europe's Alps, the shrinkage of the glacial volume by more 
than half since 1850 is expected to continue, with these ancient 
glaciers largely disappearing over the next half -century. Shrinkage 
of ice masses in the Himalayas has accelerated alarmingly. In east- 
ern India, the Dokriani Bamak glacier, which retreated by 16.5 
meters between 1992 and 1997, drew back by a further 20 meters 
in 1998 alone. 19 

A research report by Lonnie Thompson of Ohio State Univer- 
sity indicates that the ice cap on Kilimanjaro could disappear within 
15 years. This upset Tanzania's Minister of Tourism, Zokia Meghji, 
who told parliament that the projected melting was exaggerated, 
as he tried to allay fears about the effects on the country's lucrative 
tourism industry. In response, Thompson pointed out that his re- 
port was simply based on an extrapolation of the recent historical 
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Table 2-1. Selected Examples of Ice Melt Around the World 

Name Location Measured Loss 



Arctic 
Sea Ice 



Greenland 
Ice Sheet 

Glacier 

National 

Park 



Larsen B 
Ice Shelf 



Dokriani 

Bamak 

Glacier 

Tien Shan 
Mountains 

Caucasus 
Mountains 



Alps 



Arctic 
Ocean 



Greenland 



Has shrunk by 6 percent since 1978, with a 
14-percent loss of thicker, year-round ice. 
Has thinned by 40 percent in less than 30 
years. 

Has thinned by more than a meter a year on 
its southern and eastern edges since 1993. 



Kilimanjaro Tanzania 



Quelccaya 
Glacier 



Rocky Since 1850, the number of glaciers has 

Mtns., dropped from 150 to fewer than 50. 

United States Remaining glaciers could disappear 
completely in 30 years. 

Antarctic Calved a 300-square-kilometer iceberg in 
Peninsula early 1998. Lost 1,714 square kilometers 

during the 1998-99 season, and 300 square 
kilometers during the 1999-2000 season. 

Himalayas, Retreated by 20 meters in 1998, compared 
India with 16.5 meters over the previous five 

years. 

Central Twenty-two percent of glacial ice volume 
Asia has disappeared in the past 40 years. 

Russia Glacial volume has declined by 50 percent in 

the past century. 

Western Glacial volume has shrunk by more than 50 
Europe percent since 1850. Glaciers could be 

reduced to only a small fraction of their 

present mass within decades. 

Ice cap shrunk by 33 percent from 1989 to 
2000. Could disappear by 2015. 

Andes, Rate of retreat increased to 30 meters a year 

Peru in the 1990s, up from only 3 meters a year; 

will likely disappear before 2020. 



Source: Updated from Lisa Mastny, "Melting of Earth's Ice Cover Reaches New High," 
Worldwatch News Brief (Washington, DC: Worldwatch Institute: 6 March 2000). 
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trend. 20 

Researchers are discovering that a modest rise in temperature of 
1-2 degrees Celsius in mountainous regions can dramatically alter 
the precipitation mix, increasing the share falling as rain while de- 
creasing the share coming down as snow. The result is more flood- 
ing during the rainy season, a shrinking snow/ice mass, and less 
snowmelt to feed rivers during the dry season. 21 

These "reservoirs in the sky," where nature stores fresh water 
for use in the summer as the snow melts, have been there ever since 
irrigation began, supplying farmers with water for several thou- 
sand years. Now suddenly, in a matter of years, they are shrinking 
and some could disappear entirely, sharply reducing the water sup- 
ply for irrigation and for cities. 

If the massive snow/ice sheet in the Himalayas — which is the 
third largest in the world, after the Antarctic and Greenland ice 
sheets — continues to melt, it will affect the water supply of much 
of Asia. All of the region's major rivers — the Indus, Ganges, 
Mekong, Yangtze, and Yellow — originate in the Himalayas. Melt- 
ing in this area could alter the hydrology of several Asian coun- 
tries, including Pakistan, India, Bangladesh, Thailand, Viet Nam, 
and China. Less snowmelt in the summer dry season to feed rivers 
could worsen the hydrological poverty already afflicting so many 
in the region. 22 

We don't have to sit idly by as this scenario unfolds. There may 
still be time to stabilize atmospheric CO2 levels before carbon emis- 
sions lead to unmanageable climate change. There is an abundance 
of wind, solar, and geothermal energy to harness for running the 
world economy. (See Chapter 5.) If we were to cut income taxes 
and offset this by incorporating a carbon tax that reflected the cost 
of climate disruption in the price of fossil fuels, investment would 
quickly shift from fossil fuels to these climate-stabilizing energy 
sources. 

Sea Level Rising 

Sea level is a sensitive indicator of global warming since it is af- 
fected by both thermal expansion and the melting of land-based 
glaciers. The respective contributions to sea level rise of thermal 
expansion and ice melting are estimated to be roughly the same. 23 
During the twentieth century, sea level rose by 10-20 centime- 
ters (4-8 inches), more than half as much as it had risen during the 
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preceding 2,000 years. If the earth's temperature continues to rise, 
further acceleration is in prospect. The model used in the Intergov- 
ernmental Panel on Climate Change 2001 Assessment projects that 
sea level could rise by as much as 1 meter during the twenty-first 
century. 24 

Rising sea level has numerous consequences. The most obvious 
is inundation as the oceans expand at the expense of continents. 
Another is saltwater intrusion. As sea level rises, salt water may 
invade coastal freshwater aquifers. This intrusion is exacerbated 
by the falling water tables that now plague coastal regions in many 
countries, including Israel, Pakistan, India, and China. A third ef- 
fect is beach erosion: as waves break further inland, they erode the 
beach, compounding the effect of rising sea level. 25 

The most easily measured effect of rising sea level is the inunda- 
tion of coastal areas. Donald F. Boesch, with the University of 
Maryland's Center for Environmental Sciences, estimates that for 
each millimeter rise in sea level, the shoreline retreats an average of 
1.5 meters. Thus if sea level rises by 1 meter, the coastline will 
retreat by 1,500 meters, or nearly a mile. 26 

With a 1 -meter rise in sea level, more than a third of Shanghai 
would be under water. For China as a whole, 70 million people 
would be vulnerable to a 100-year storm surge. The rice-growing 
river floodplains and deltas of Asia would be particularly vulner- 
able. A World Bank analysis shows that Bangladesh would be hard- 
est hit, losing half of its rice production — the food staple of its 140 
million people. (See Figure 2-4.) At current rice prices, this would 
cost Bangladesh $3.2 billion. Residents of the densely populated 
river valleys of Asia would be forced into already crowded interi- 
ors. Rising sea level could create millions of climate refugees in 
Bangladesh, China, India, Indonesia, the Philippines, and Viet 
Nam. 27 

Two thirds of the Marshall Islands and Kiribati would be under 
water. The United States would lose 36,000 square kilometers 
(14,000 square miles) of land, with the middle Atlantic and Mis- 
sissippi Gulf states losing the most. And large portions of lower 
Manhattan and the Capitol Mall in Washington, D.C., would be 
flooded during a 50-year storm surge. A 1 -meter rise in Japan would 
mean that 2,340 square kilometers of the country would be below 
high tide. Four million Japanese would be affected, many of them 
driven from their homes. 28 
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Figure 2-4. A 1-Meter Rise in Sea Level Would Cut 
Bangladesh's Rice Production Approximately in Half 

Coastal real estate prices are likely to be one of the first eco- 
nomic indicators to reflect the rise in sea level. People with heavy 
investments in beachfront properties will suffer most. A half-meter 
rise in sea level in the United States could bring losses ranging from 
$20 billion to $150 billion. Beachfront properties, much like nuclear 
power plants, are becoming uninsurable — as many homeowners 
in Florida, for example, have discovered. 29 

Many developing countries already coping with population 
growth and intense competition for living space and cropland are 
now facing the prospect of rising sea level and substantial land 
losses. Some of those most directly affected have contributed the 
least to the buildup in atmospheric CO2 that is causing this prob- 
lem. 
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Rising sea level will pose difficult and costly choices. Consider, 
for example, the effort and cost involved in relocating a million 
Chinese from the area to be inundated by the Three Gorges Dam. 
This would be trivial compared with the tens of millions, and even- 
tually hundreds of millions in Asia, who would have to be relo- 
cated as the ocean rises if we continue with business as usual. Cli- 
mate refugees may come to dominate the international flow of 
migrants since they are losing not just land, but food supplies and 
livelihoods. 30 

More than 90 percent of the world's ice is in the Antarctic ice 
sheet, which, partly because of its size, is comparatively stable. The 
other 10 percent, however, is in the Greenland ice sheet and moun- 
tain glaciers, which are more vulnerable to climate change. Now 
that the Greenland ice sheet has started to melt, we must ask, What 
if this trend continues? Greenland's ice sheet is up to 2 kilometers 
(1.2 miles) thick in some areas. In an article in Science, NASA sci- 
entists calculate that if the Greenland ice sheet were to disappear 
entirely, sea level would rise by a staggering 7 meters (23 feet), 
markedly shrinking the earth's land area and engulfing many coastal 
cities. 31 

For the first time since civilization began, sea level has begun to 
rise at a measurable rate. It has become an indicator to watch, a 
trend that could force a human migration of almost unimaginable 
dimensions, and one that will shape the human prospect. It also 
raises questions of intergenerational responsibility that humanity 
has never before faced. 

More Destructive Storms 

Rising temperatures and the power of storms are directly related. 
As sea surface temperatures rise, particularly in the tropics and sub- 
tropics, the additional heat radiating into the atmosphere causes 
more destructive storms. Higher temperatures mean more evapo- 
ration. Water that goes up must come down. What is not clear is 
exactly where the additional water will fall. 32 

More extreme weather events are of particular concern to coun- 
tries in the hurricane or typhoon belt. Among those most directly 
affected by increased storm intensity are China, Japan, and the 
Philippines in the western Pacific, India and Bangladesh in the Bay 
of Bengal, and the United States and the Central American and 
Caribbean countries in the western Atlantic. 
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Munich Re, which insures insurance companies, has maintained 
detailed, worldwide data on natural catastrophes — principally 
storms, floods, and earthquakes — over the last half-century. The 
company defines a great natural catastrophe as one that overwhelms 
the capacity of a region to help itself, forcing it to depend on inter- 
national assistance. During the 1960s, economic losses from these 
large-scale catastrophes totaled $69 billion; during the 1990s, they 
totaled $536 billion, nearly an eightfold increase. 33 

Recent years have seen some extraordinarily destructive tropi- 
cal storms. Among them was Hurricane Andrew, which cut a large 
swath across the state of Florida in 1992. Storm alerts held the loss 
of human life to 65, but Andrew destroyed 60,000 homes and 
other buildings, inflicting some $30 billion in damage. In addition 
to the buildings it destroyed, it also took down seven insurance 
companies, as mounting claims left them insolvent. 34 

Six years later, Hurricane Georges — a powerful storm with winds 
of close to 200 miles per hour — was stalled off the coast of Central 
America by a high-pressure system that blocked its normal path to 
the north. It claimed 4,000 lives and inflicted a staggering $10 bil- 
lion worth of damage on El Salvador and Nicaragua. Damage on 
this scale, which approached the combined gross domestic prod- 
ucts of the two countries, set economic development back by a 
generation. A storm that hit Venezuela in mid-December 1999 
caused enormous flooding and landslides, claimed 20,000 lives, 
and registered economic losses of $15 billion — second only to 
Hurricane Andrew. 35 

In late September 1 999, Typhoon Bart hit Japan's densely popu- 
lated island of Kyushu. Its toll in human life was held to only 26, 
but it did $5 billion worth of damage. Countries such as Japan, 
China, and the Philippines are in a particularly vulnerable loca- 
tion, fully exposed to all the power that storms generated over the 
tropical Pacific can muster. 36 

Winter storms are also becoming more destructive in the north- 
ern hemisphere. S.J. Lambert, writing in the Journal of Geophysi- 
cal Research, has analyzed the frequency of intense winter storms 
in this hemisphere over the last century. From 1920 until 1970, 
there were roughly 40 storms a year. But then as temperatures started 
to climb, so did the frequency of storms. Since 1985, the northern 
hemisphere has experienced close to 80 storms a year — a doubling 
in less than a generation. Over the past decade or so, Western Eu- 
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rope has been hit by numerous storms of record destructiveness. In 
1987, the United Kingdom and France bore the brunt of a winter 
storm that claimed 17 lives and caused $3.7 billion worth of dam- 
age. In 1999, Western Europe was hit by three unusually powerful 
winter storms: Anatole, Martin, and Lothar. They claimed 150 lives 
and did $10.3 billion worth of damage. Lothar, which hit the con- 
tinent during the holiday season on December 26, left $7.5 billion 
of damage in France, Germany, and Switzerland. 37 

Damage from storms is mounting both because of greater popu- 
lation density and because the investment per person in housing or 
other structures that are vulnerable to storm damage is greater than 
ever. There is also a disproportionately large gain in construction 
in coastal regions, which are much more vulnerable to storms and 
storm surges. 

The bottom line is that storms are increasing both in number 
and in destructiveness. More powerful storms mean more damage. 
A doubling of the number of winter storms in the northern hemi- 
sphere within less than a generation, coupled with increasing se- 
verity, yields a dramatic rise in storm-related damage. 

At this point, no one knows quite how this trend will unfold in 
the twenty-first century, but it seems likely that if we continue with 
business as usual and CO2 levels continue to rise, the destructive- 
ness in the future will dwarf that in the present — just as the de- 
structiveness in the present is far greater than that of the recent 
past. The risk is that the cost of coping with these ever more de- 
structive, human-induced catastrophes could overwhelm some so- 
cieties, leading to their economic decline. 

Rivers Drained Dry 

We live in a water-challenged world, one that is becoming more so 
each year as 80 million additional people stake their claims to the 
earth's water resources. Even now, many people in developing coun- 
tries lack enough water to satisfy basic needs for drinking, bathing, 
and producing food. 

By 2050, India is projected to add 563 million people and China 
187 million. Pakistan, one of the world's most arid countries, is 
projected to add over 200 million, going from 141 million today 
to 344 million. Egypt, Iran, and Mexico are slated to increase their 
populations by half or more by 2050. In these and other water- 
short countries, continuing population growth is sentencing hun- 
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dreds of millions of people to hydrological poverty — a local form 
of impoverishment that is difficult to escape. 38 

One manifestation of emerging water scarcity is dry rivers. Sev- 
eral of the world's major rivers now either run dry part of the year, 
failing to reach the sea, or have little water left when they get there. 39 

As noted earlier, the Amu Darya in Central Asia, one of two 
rivers that feeds the Aral Sea, is now largely drained dry by Turkmen 
and Uzbek cotton farmers. With this river failing to reach the sea at 
times and the flow of the Syr Darya reduced to a shadow of its past 
flow, the Aral Sea is shrinking beneath the relentless sun in this 
semiarid region. Since 1960, the sea has dropped 12 meters (40 
feet); its area has shrunk by 40 percent and its volume by 66 per- 
cent. Towns that were once coastal are now 50 kilometers from 
the water. If recent trends continue, the sea will largely disappear 
within another decade or two — existing only on old maps, a geo- 
graphic memory. 40 

As the sea has shrunk, the salt concentrations in its water have 
increased to where fish can no longer survive. As a result, the fish- 
ery — which yielded 60,000 tons (130 million pounds) of fish per 
year as recently as 1960 — is now dead. 41 

In 1990, the Soviet Academy of Sciences organized a conference 
in Nukus, a town near the Aral Sea, entitled "The Aral Sea: An 
Environmental Catastrophe." After attending the meeting, I joined 
other guests on an air tour over the sea and the former seabed. I 
later wrote in World Watch magazine, "From the air, the exposed 
floor of the Aral Sea looks like a moonscape. No plant or animal 
life is visible. From a few hundred feet above the ground, in an 
ancient canvas-winged, single-engine bi-plane, the signs of a dying 
ecosystem are evident. Fishing villages that once stood by the shore- 
line are abandoned and lie miles from the receding waters. Like 
ghost mining towns out of the American West, they reinforce the 
image of a dying ecosystem and a dying economy." 42 

When rivers go dry, the marine ecosystems within the rivers are 
destroyed. The estuaries as sometimes affected as well. For example, 
when the Colorado River was flowing into the Gulf of California, 
it supported a large fishery and several hundred Cocopa Indian 
families. Today this fishery is but a remnant of its former self. 43 

Upstream diversions for cities, industry, and irrigation from 
China's Yellow River are multiplying. After flowing uninterrupt- 
edly for thousands of years, this cradle of Chinese civilization ran 
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dry in 1972, failing to reach the sea for some 15 days. In the fol- 
lowing years, it ran dry intermittently until 1985. Since then, it has 
run dry for part of each year. In 1997, a drought year, the Yellow 
River did not connect with the sea for 226 days. 44 

In fact, during much of 1997, the river did not even make it to 
Shandong Province, the last of the eight provinces it flows through 
en route to the sea. Shandong, producing a fifth of China's corn 
and a seventh of its wheat, is more important agriculturally to China 
than Iowa and Kansas together are to the United States. Half of the 
province's irrigation water used to come from the Yellow River, 
but this supply is now shrinking. The other half comes from an 
aquifer whose water level is falling by 1.5 meters a year. 45 

As more and more water is diverted to industries and cities up- 
stream, less is available downstream. Beijing is permitting the pov- 
erty-ridden upstream provinces to divert water for their develop- 
ment at the expense of agriculture in the lower reaches of the basin. 

One of the hundreds of projects to divert water from the Yellow 
River in the upper reaches is a canal that will take water to Hohhot, 
the capital of Inner Mongolia, starting in 2003. This will help sat- 
isfy swelling residential needs as well as those of expanding indus- 
tries, including the all-important wool textile industry that is sup- 
plied by the region's vast flocks of sheep. Another canal will divert 
water to Taiyuan, the capital of Shanxi Province, a city of 4 million 
that now rations water. 46 

The growing upstream claims on the Yellow River mean that 
one day it may no longer reach Shandong Province at all, cutting 
the province off from roughly half of its irrigation water. The re- 
sulting prospect of massive grain imports and growing dependence 
on U.S. grain, in particular, leads to sleepless nights for political 
leaders in Beijing. 47 

Another river that is leading to sleepless nights is the Nile, be- 
cause its waters must be allocated not among provinces, as in China, 
but among countries. Ten countries share the Nile River basin, but 
just three — Egypt, Sudan, and Ethiopia — dominate. Eighty-five 
percent of the Nile's flow originates in Ethiopia, but the lion's share 
is used by Egypt. Most of the rest is used in Sudan. Once the claims 
of these two countries are satisfied, little water is left when it enters 
the Mediterranean. 48 

Egypt, where it almost never rains, is wholly dependent on the 
Nile. Without this lifeline, Egypt would not exist. Even if all the 
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water in the Nile River were available to Egypt, it would still have 
to import some grain just to feed its current population. But it is 
already importing 40 percent of its grain, and its population, now 
68 million, is projected to nearly double to 114 million by 2050. 
The population of Sudan, which is growing even faster, is pro- 
jected to increase from 31 million today to 64 million by 2050, 
more than doubling its water needs. 49 

Ethiopia, where most of the precipitation falls that feeds the 
Nile, is growing faster still. With each family averaging nearly six 
children, its population is projected to triple from 63 million at the 
end of 2000 to 186 million by 2050. Thus far, Ethiopia has built 
only 200 very small dams that enable it to use 500 million cubic 
meters of the Nile's 84-billion-cubic-meter flow, or less than 1 per- 
cent. But the Ethiopian government is planning to use much more 
of the water to expand food production and provide electricity as 
it tries to lift its people out of poverty. 50 

The Nile, like the Yellow River, has wide disparities in income 
between the upper and lower reaches of the basin. It is difficult to 
argue that Ethiopia, with an annual income of scarcely $100 per 
person, should not use the upper Nile waters for its own develop- 
ment, even though it would be at the expense of Egypt, which has 
an annual income of over $1,000 per person. If the basin countries 
do not quickly stabilize their populations, they risk becoming 
trapped in hydrological poverty. 51 

Other river basins where competition for water is intensifying 
include the Jordan, the Ganges, and the Mekong. The competition 
over the river Jordan between Israel, Jordan, and the Palestinians 
is well known. The Jordan, which flows from Lebanon into Israel, 
where it joins the Sea of Galilee and eventually empties into the 
Dead Sea, is being overtaxed. As a result, the water level in the Sea 
of Galilee is gradually falling and the Dead Sea is shrinking. 52 

If India, which shares the Ganges with Bangladesh, were to use 
all the water that it wants, the Ganges might not even reach 
Bangladesh during the dry season. But fortunately a treaty has been 
signed that allocates an agreed-upon amount of water to 
Bangladesh. Competition in the Mekong River basin is also inten- 
sifying. As China builds dams on its upper reaches, less water is left 
for Cambodia, Laos, and Viet Nam — countries whose rice cultures 
depend on the Mekong water. 53 
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Falling Water Tables 

Even as major rivers are running dry, water tables are falling on 
every continent as the demand for water outruns the sustainable 
yield of aquifers. Overpumping is a new phenomenon, largely con- 
fined to the last half -century. Only since the development of pow- 
erful diesel and electric pumps have we had the capacity to pull 
water out of aquifers faster than it is replaced by precipitation. 

Overpumping is now widespread in China, India, and the United 
States — three countries that together account for nearly half of the 
world grain harvest. Water tables are falling under the North China 
Plain, which produces 25 percent of China's grain harvest; under 
the Indian Punjab, the breadbasket of India; and under the south- 
ern Great Plains of the United States. 54 

Hydrologically, there are two Chinas — the humid south, which 
includes the Yangtze River basin and everything south of it, and 
the arid north, which includes the Yellow River basin and every- 
thing to the north. The south, with 700 million people, has one 
third of the nation's cropland and four fifths of its water. The north, 
with 550 million people, has two thirds of the cropland and one 
fifth of the water. The water per hectare of cropland in the north is 
one eighth that of the south. 55 

Northern China is drying out as the demand for water outruns 
the supply, depleting aquifers. In 1999 the water table under Beijing 
fell by 1.5 meters (5 feet). Since 1965, the shallow water table un- 
der the city has fallen by some 59 meters or nearly 200 feet. The 
deep aquifer that some wells draw from may have fallen even more. 
A 2001 World Bank report says, "Anecdotal evidence suggests that 
deep wells around Beijing now have to reach 1,000 meters (more 
than half a mile) to tap fresh water, adding dramatically to the cost 
of supply." Falling water tables under the capital remind China's 
leaders of the shortages that lie ahead as the country's aquifers are 
depleted. 56 

The North China Plain, a region that stretches from just north 
of Shanghai to well north of Beijing, embraces five provinces: Hebei, 
Henan, and Shandong, and the city provinces of Beijing and Tianjin. 
At the end of 1997, official data show that these five provinces had 
2.6 million wells, the bulk of them for irrigation. During that year, 
99,900 wells were abandoned, apparently because they ran dry as 
the water table fell. Some 221,900 new wells were drilled. In the 
two major cities, Beijing and Tianjin, the number of wells aban- 



44 



ECO-ECONOMY 



doned exceeded the number of new wells drilled. This wholesale 
abandonment of wells has no precedent. The drilling of so many 
new wells reflects the desperate quest for water as the water table 
falls. 57 

Although earlier data showed the water table dropping by an 
average of 1.5 meters (5 feet) a year under the North China Plain, 
these recent data on well abandonment and new well drilling sug- 
gest that it now could be falling much faster in some places. 
Overpumping is greatest in the Hai River basin, immediately to the 
north of the Yellow River basin. This area, which includes Beijing 
and Tianjin, both large industrial cities, is home to over 100 mil- 
lion people. 58 

Water use in the basin currently totals 55 billion cubic meters 
annually, while the sustainable supply totals only 34 billion cubic 
meters, leaving an annual deficit of 21 billion cubic meters to be 
satisfied by groundwater mining. When this aquifer is depleted, 
water pumping will necessarily drop to the sustainable yield, cut- 
ting the basin's water supply by nearly 40 percent. Given rapid 
urban and industrial growth in the area, and agriculture's relega- 
tion to third place in the line for water, irrigated agriculture in the 
basin could largely disappear by 2010 — forcing a shift to less pro- 
ductive rain-fed agriculture. The 2001 World Bank report concluded 
that north China's fast deteriorating water situation could have 
"catastrophic consequences for future generations unless water use 
and supply could quickly be brought back into balance." 59 

In addition to losses of irrigation water from aquifer depletion, 
farmers are faced with a diversion of irrigation water to cities and 
industry. Between now and 2010, when China's population is pro- 
jected to grow by 126 million, the World Bank projects that the 
nation's urban water demand will increase from 50 billion cubic 
meters to 80 billion, a growth of 60 percent. Industrial water de- 
mand, meanwhile, is projected to increase from 127 billion cubic 
meters to 206 billion, an expansion of 62 percent. In much of north- 
ern China, this growing demand for water is being satisfied either 
by investing in water efficiency or by taking irrigation water from 
agriculture. 60 

Under India's Punjab, where the double cropping of high-yield- 
ing winter wheat and summer rice produces a grain surplus for 
shipment to other states, the water table is falling. Dropping by an 
estimated 0.6 meters per year, it is forcing farmers with shallow 
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wells to drill deeper. 61 

In the southern Great Plains of the United States, irrigated agri- 
culture is based largely on water pumped from the Ogallala aqui- 
fer, which is essentially a fossil aquifer with little recharge. As the 
water table falls and the aquifer is depleted, farmers are forced to 
abandon irrigated agriculture, returning to dryland farming. In sev- 
eral states that dominate U.S. food production, including Colo- 
rado, Kansas, Oklahoma, and Texas, the irrigated area is slowly 
shrinking as the Ogallala is depleted. 62 

An economic analysis of the water situation in the high plains of 
Texas, where much of the state's irrigated cropland is located, con- 
cluded that crop production in the region will decline steadily as 
water supplies shrink. The big losers between 2000 and 2025 will 
be irrigated feedgrains, including both corn and sorghum. The area 
in wheat, a dryland crop, will expand slightly. Overall, grain pro- 
duction is projected to decline 1 7 percent. A similarly detailed analy- 
sis for nearby states, such as Oklahoma and Kansas, would likely 
also show production declines for the more water-dependent crops. 63 

In southern Texas, El Paso and its sister city across the border in 
Mexico, Juarez, both draw their water from the same aquifer. As 
population in the two fast-growing cities has climbed, demand has 
outstripped the sustainable yield of the aquifer. David Hurlbut, 
analyst with the Public Utility Commission of Texas, believes that 
because of their failure to address the water supply issue effectively, 
the two cities are moving toward hydrological bankruptcy. 64 

With continuing population growth, the world water situation 
can only get worse. Even with today's 6.1 billion people, the world 
has a huge water deficit. Using data on overpumping for China, 
India, Saudi Arabia, North Africa, and the United States, Sandra 
Postel, author of Pillar of Sand, calculates the annual overpumping 
of aquifers at 160 billion cubic meters or 160 billion tons. Using 
the rule of thumb that it takes 1,000 tons of water to produce 1 
ton of grain, this 160-billion-ton water deficit is equal to 160 mil- 
lion tons of grain — or half the U.S. grain harvest. 65 

At average world grain consumption of just over 300 kilograms 
or one third of a ton per person a year, 160 million tons of grain 
would feed 480 million people. In other words, 480 million of the 
world's 6.1 billion people are being fed with grain produced with 
the unsustainable use of water. We are feeding ourselves with wa- 
ter that belongs to our children. 66 
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Facing Water Scarcity 

An estimated 70 percent of the water consumed worldwide, in- 
cluding that diverted from rivers and pumped from underground, 
is used for irrigation, while some 20 percent is used by industry 
and 10 percent for residential purposes. In the increasingly intense 
competition for water among these three sectors, the economics of 
water do not favor agriculture. In China, 1,000 tons of water can 
be used to produce 1 ton of wheat, worth perhaps $200, or to 
expand industrial output by $14,000 — 70 times as much. In a coun- 
try that is desperately seeking economic growth and the jobs it 
generates, the gain in diverting water from agriculture to industry 
is obvious. The economics of water also helps explain the increas- 
ingly common sale of irrigation water rights by U.S. farmers in the 
West to cities. 67 

Urbanization, industrialization, and ecosystem maintenance also 
expand the demand for water. As developing-country villagers, tra- 
ditionally reliant on the village well, move to urban high-rise apart- 
ment buildings with indoor plumbing, their residential water use 
can easily triple. Industrialization takes even more water than ur- 
banization. 

Rising affluence in itself generates additional demands for wa- 
ter. For example, as people move up the food chain, consuming 
more beef, pork, poultry, eggs, and dairy products, they use more 
grain. A U.S. diet rich in livestock products requires four times as 
much grain per person as a rice-based diet in a country like India. 
Using four times as much grain means using four times as much 
water. 68 

Once a localized phenomenon, water scarcity is now crossing 
national borders via the international grain trade. The world's fast- 
est-growing grain import market is North Africa and the Middle 
East, an area that includes Morocco, Algeria, Tunisia, Libya, Egypt, 
and the countries eastward through Iran. Virtually every country 
in this region is simultaneously experiencing water shortages and 
rapid population growth. 69 

As the demand for water in the region's cities and industries 
rises, it is typically satisfied by diverting water from irrigation. The 
loss in food production capacity is then offset by importing grain 
from abroad. Since 1 ton of grain represents 1,000 tons of water, 
this is the most efficient way for water-deficit countries to import 
water. 
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In 2000, Iran imported 7 million tons of wheat, eclipsing Ja- 
pan — for decades the world's leading wheat importer. In 2001, 
Egypt is also projected to move ahead of Japan. Iran and Egypt, 
each with nearly 70 million people and adding more than a million 
a year, are both facing acute water scarcity. 70 

The water required to produce the grain and other foodstuffs 
imported into North Africa and the Middle East in 2000 was 
roughly equal to the annual flow of the Nile River. Stated other- 
wise, the fast-growing water deficit of this region is equal to an- 
other Nile flowing into the region in the form of imported grain. 71 

It is now often said that future wars in the region will more 
likely be fought over water than oil. Perhaps, but given the diffi- 
culty in winning a water war, the competition for water seems more 
likely to take place in world grain markets. The countries that will 
"win" in this competition will be those that are financially stron- 
gest, not those that are militarily strongest. 72 

The world water deficit, as measured by the overpumping of 
aquifers, grows larger each year, making it progressively more dif- 
ficult to manage. If countries everywhere decided this year to halt 
overpumping and to stabilize water tables, the world grain harvest 
would fall by some 160 million tons, or 8 percent, and grain prices 
would go off the top of the chart. The longer countries delay in 
facing this issue, the wider the water deficit becomes and the greater 
the eventual adjustment will be. 

Unless governments in water-short countries act quickly to sta- 
bilize population and to raise water productivity, their water short- 
ages may soon become food shortages. The risk is that the fast- 
growing ranks of water-short countries with rising grain import 
needs, including potentially the population giants China and In- 
dia, will overwhelm the export capacity of the grain-surplus coun- 
tries — the United States, France, Canada, and Australia. And this 
in turn will destabilize world grain markets. 

The water situation is deteriorating rapidly in many countries, 
but it is the fast-growing water deficit in China that is likely to 
affect the entire world. The combination of 12 million additional 
people per year, urbanization, a projected economic growth rate of 
7 percent, and the continuing movement of Chinese consumers up 
the food chain virtually ensures that the demand for water will 
continue to outstrip the supply for years to come. These trends 
also suggest that China's need for imported grain could soon start 
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to climb, much as its imports of soybeans have in recent years. 
Between 1995 and 2000, China went from being self-sufficient in 
soybeans to being the world's largest buyer, importing over 40 per- 
cent of its supply. 73 

Water shortages can be ameliorated by raising water prices to 
reduce wastage and thus increase the efficiency of water use, but in 
China this is not always easy. An announcement in early 2001 that 
the government was planning to raise water prices in stages over 
the next five years was a welcome step in the right direction. But 
for Beijing, this option is fraught with political risks because the 
public response to increasing the price of water, which often has 
been free in the past, is akin to that when gasoline prices go up in 
the United States. 74 

Other recent announcements from Beijing indicate that the gov- 
ernment has officially abandoned its long-standing policy of grain 
self-sufficiency. China has also announced that, in the intensifying 
competition for water, cities and industry will get priority — leaving 
agriculture as the residual claimant. 75 

As noted, China is not alone in facing water shortages. Other 
countries where water scarcity is raising grain imports or threaten- 
ing to do so include India, Pakistan, Mexico, and dozens of smaller 
countries. But only China — with nearly 1.3 billion people and an 
$80 billion annual trade surplus with the United States — has the 
near-term potential to disrupt world grain markets. In short, fall- 
ing water tables in China could soon mean rising food prices for 
the entire world. 76 
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In April 2001, scientists at the National Oceanic and Atmospheric 
Administration laboratory in Boulder, Colorado, reported that a 
huge dust storm from northern China had reached the United States, 
"blanketing areas from Canada to Arizona with a layer of dust." 
People living in the foothills of the Rockies could not even see the 
mountains. Few Americans were aware that the dust on their cars 
and the haze hanging over the western United States was, in fact, 
soil from China. 1 

This Chinese dust storm, the most severe of a dozen in the spring 
of 2001, signals a widespread deterioration of the rangeland and 
cropland in that country's vast northwest. These huge dust plumes 
routinely travel hundreds of miles to populous cities in northeast- 
ern China, including Beijing — obscuring the sun, reducing visibil- 
ity, slowing traffic, and closing airports. Reports of residents in 
eastern cities caulking windows with old rags to keep out the dust 
are reminiscent of the U.S. Dust Bowl of the 1930s. 2 

News reports in China typically attributed the dust storms to 
the drought of the last three years, but that has simply brought a 
fast-deteriorating situation into focus. Overgrazing and overplowing 
are widespread. For example, the United States, a country of com- 
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parable size and grazing capacity, has 98 million cattle and 9 mil- 
lion sheep and goats, whereas China now has 127 million cattle 
and 279 million sheep and goats. Feeding 1.3 billion people, a 
population nearly five times that of the United States, is not an 
easy matter. Millions of hectares of highly erodible land were plowed 
that should have stayed in grass. 3 

Evidence of the intensifying conflict between the economy and 
the ecosystem of which it is a part can be seen not only in the dust 
bowl emerging in China, but also in the burning rainforests in In- 
donesia, the collapsing cod fishery in the North Sea, falling crop 
yields in Africa, the expanding dead zone in the Gulf of Mexico, 
and falling water tables in India. 

The ill-structured global economy's rising demands on ecosys- 
tems are diminishing the earth's biological productivity. The out- 
put of oceanic fisheries is reduced by overfishing, by oceanic pol- 
lutants, and by disruptions of the reproductive cycle of 
river-spawning fish as some rivers are dammed and others are 
drained dry. Overgrazing of rangelands is also taking a toll. Ini- 
tially overgrazing reduces the productivity of rangelands, but even- 
tually it destroys them — converting them into desert. 

The productive capacity of the earth's forests is declining as they 
shrink by more than 9 million hectares per year. Lumbering, land 
clearing for crop production or ranching, and firewood gathering 
are responsible. Healthy rainforests do not burn, but fragmented 
tropical rainforests can be weakened to where they are easily ig- 
nited by lightning. 4 

An estimated 36 percent of the world's cropland is suffering a 
decline in inherent productivity from soil erosion. If this continues, 
eventually the cropland will become wasteland. In Africa, the fail- 
ure to replace nutrients removed by crops is reducing crop yields in 
several countries. As local ecosystems deteriorate, the land's carry- 
ing capacity is reduced, setting in motion a self -reinforcing cycle of 
ecological degradation and deepening human poverty. With half 
the world's workforce dependent on croplands, fisheries, range- 
lands, and forests for their jobs and livelihood, any deterioration 
of these ecosystems can translate into a decline in living condi- 
tions. 5 
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Fisheries Collapsing 

Among the three ecosystems that supply our food — croplands, 
rangelands, and fisheries — the excessive demand on fisheries is per- 
haps most visible. After World War II, accelerating population 
growth and steadily rising incomes drove the demand for seafood 
upward at a record pace. At the same time, advances in fishing 
technologies, including refrigerated processing ships that enabled 
trawlers to exploit distant oceans, dramatically boosted fishing 
capacity. 

In response, the oceanic fish catch climbed from 19 million tons 
in 1950 to its historic high of 93 million tons in 1997. This five- 
fold growth — more than double that of population during this 
period — raised seafood consumption per person worldwide from 
8 kilograms in 1950 to a peak of 17 kilograms in 1988. Since then, 
it has fallen to scarcely 15 kilograms, a drop of one eighth. 6 

Oceanic fisheries were long a leading source of animal protein 
in the diet of island countries and those with long coastlines, such 
as Norway and Italy, but it was not until the second half of the 
twentieth century that fishing fleets began to systematically exploit 
the oceanic food potential. This, combined with improved inland 
transportation and refrigeration, made seafood a basic component 
of diets for most of humanity. 

In the early 1990s, the U.N. Food and Agriculture Organiza- 
tion (FAO), which monitors oceanic fisheries, reported that all of 
the world's 17 major fisheries were being harvested at or beyond 
their sustainable capacity and that 9 were in a state of decline. 
Many countries were trying to protect their fisheries from over- 
fishing and eventual collapse. In 1992, Canada, which had waited 
too long to restrict the catch in its 500-year-old cod fishery off the 
coast of Newfoundland, was forced to suspend fishing there en- 
tirely, putting some 40,000 fishers and fish processors out of work. 
Then in late 1993, Canada closed additional stretches of water to 
cod fishing, with the off-limits area creeping down toward the U.S. 
coast. The United States followed with restrictions designed to save 
its cod, haddock, and flounder fisheries off New England. 7 

On the West coast, conditions were no better. In April 1994, 
the Pacific Fishery Management Council banned salmon fishing 
off Washington State in an effort to protect the species from ex- 
tinction. In Oregon and California, stringent salmon quotas were 
imposed. Actions by the United States and Canada, combined with 
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similar measures by governments elsewhere, implicitly acknowl- 
edge that unrestricted harvesting could destroy fisheries, depriving 
the world of a valuable food source. 8 

The inability of governments to cooperate in oceanic fishery 
management means that instead of yielding maximum sustainable 
catch indefinitely, many fisheries have been fished to the verge of 
collapse. Atlantic stocks of the heavily fished bluefin tuna, a standby 
in Tokyo's sushi restaurants, have been cut by a staggering 94 per- 
cent. It will take years for such long-lived species to recover, even if 
fishing stops altogether. 9 

Inland fisheries are also suffering from environmental misman- 
agement — water diversion, acidification, and pollution. As noted 
in Chapter 2, the Aral Sea fishery, which yielded 60,000 tons (close 
to 130 million pounds) of fish per year as recently as 1960, is now 
history. Rising salt content has left the sea biologically dead. 10 

A June 2001 report indicates that Russia's Azov Sea is also dy- 
ing. Rising levels of salt, petroleum wastes, heavy metal pollution, 
and radioactive materials are apparently involved. The commer- 
cial fish catch has dropped 97 percent over the last quarter-cen- 
tury. Many species are extinct. As one commentator noted, the Sea 
of Azov has become "a body of water that cannot support either 
life within it or the lives of the people who live around it." 11 

Acidification of lakes from acid rain, largely from coal burning, 
is also still a problem. Canada alone now counts 14,000 dead lakes. 
And pollution is taking a toll on freshwater lakes, either destroy- 
ing the fish or rendering them unsafe for human consumption. In 
the United States, fish in some 50,000 freshwater lakes, streams, 
and ponds contain levels of mercury that make them unsafe for 
human consumption. Mercury from the smokestacks of coal-fired 
power plants is largely responsible. (See Chapter 6.) 12 

Overfishing and pollution are not the only threats to the world's 
seafood supply. The spawning grounds and nurseries of many 
aquatic creatures are disappearing as coastal wetlands, mangrove 
forests, and coral reefs are destroyed. In addition, the damming of 
rivers is depriving many species of their spawning grounds. Other 
rivers are drained dry, with the same effect. Still others are simply 
too polluted for fish to survive. 

Some 90 percent of oceanic fish rely on coastal wetlands, man- 
grove swamps, or rivers as spawning areas. Well over half the origi- 
nal area of mangrove forests in tropical and subtropical countries 
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has been lost. The disappearance of coastal wetlands in industrial 
countries is even greater. In Italy, whose coastal wetlands are the 
nurseries for many Mediterranean fisheries, the loss is a staggering 
95 percent. 13 

Damage to coral reefs, a breeding ground for fish in tropical 
and subtropical waters, is also taking a toll. Between 1992 and 
2000, the share of severely damaged reefs worldwide expanded 
from 10 percent to 27 percent. As the reefs deteriorate, so do the 
fisheries that depend on them. 14 

Oceanic fisheries face numerous threats, but it is overfishing 
that most directly threatens their survival. Oceanic harvests ex- 
panded as new technologies evolved, ranging from sonar for track- 
ing schools of fish to vast driftnets that are collectively long enough 
to circle the earth many times over. "With more powerful boats 
and fish finders, we basically have the capacity to wipe fish out, 
and we are," warns Douglas Foy of the Conservation Law Foun- 
dation in New England. 15 

Commercial fishing is now largely an economics of today ver- 
sus tomorrow. Governments are seeking to protect tomorrow's 
catches by forcing fishers to keep their ships idle; fishing communi- 
ties are torn between the need for income today versus the future. 
Ironically, one reason for excess fleet capacity is long-standing gov- 
ernment subsidies that provide large loans and favorable terms for 
investing in new boats and fishing gear. By 2000, however, these 
loans had become unsupportable as catches dwindled. Catch quo- 
tas kept many fishing boats at anchor during what used to be peak 
fishing months. 16 

Fishing subsidies were based on an unfounded belief that past 
trends in oceanic harvests could be projected into the future — that 
past growth meant future growth. The long-standing advice of FAO 
marine biologists, who had warned that marine harvests would 
someday reach a limit, was largely ignored. 17 

As long as there were more fish in the oceans than we could 
hope to catch, managing oceanic fisheries was a simple matter. But 
with many fisheries already collapsing, and others facing imminent 
collapse, the management challenge of allocating the catch among 
competing nations and protein-hungry populations is infinitely more 
difficult. Merely sustaining the existing catch will require new lev- 
els of cooperation among national governments. 

Even among countries accustomed to working together, such as 
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those in the European Union (EU), the challenge of negotiating 
catch limits at sustainable levels can be difficult. In April 1997, 
after prolonged negotiations, agreement was reached in Brussels to 
reduce the fishing capacity of EU fleets by 30 percent for endan- 
gered species, such as cod, herring, and sole in the North Sea, and 
by 20 percent for overfished stocks, such as cod in the Baltic Sea, 
the bluefin tuna, and swordfish off the Iberian peninsula. The good 
news was that the EU finally reached agreement on reducing the 
catch. The bad news was that these cuts were not sufficient to ar- 
rest the decline of the region's fisheries. 18 

In January 2001, the EU went further, announcing a ban on 
fishing for cod, haddock, and whiting during the 12-week spring 
spawning period. With the annual cod catch falling from 300,000 
tons during the mid-1980s to 50,000 tons in 2000, this most re- 
cent step was a desperate effort to save the fishery. EU officials are 
all too aware that Canada's once-vast Newfoundland cod fishery 
has not recovered since collapsing in 1992, despite the total ban on 
fishing imposed then. 19 

When some fisheries collapse, it puts more pressure on those 
that are left. With restrictions on the overfished EU fishery, the 
heavily subsidized EU fishing fleet has turned to the west coast of 
Africa, buying licenses to fish off the coasts of Senegal, Mauritania, 
Morocco, Guinea-Bissau, and Cape Verde. They are competing for 
space there with fleets from Japan, South Korea, Russia, and China. 
For impoverished countries like Mauritania and Guinea-Bissau, 
income from fishing licenses can account for up to half of govern- 
ment revenue. Unfortunately for the Africans, their fisheries too 
are collapsing. Most countries lack the ships and radar to ensure 
compliance with fishing agreements in the 200-mile exclusive eco- 
nomic zones off their coasts that were granted by the 1 979 Law of 
the Sea Treaty. 20 

Fisheries everywhere are facing the same fate. On the west coast 
of India, the fishery off the coast of Goa has grown by leaps and 
bounds as the mechanized fishing fleet has jumped from 10 boats 
in 1964 to 2,200 in 1998. Meanwhile, the annual catch increased 
from 17,000 tons to 95,000 tons — well beyond the estimated maxi- 
mum sustainable yield of 71,000 tons. Unless the Indian govern- 
ment can quickly reduce the catch here to the sustainable level, this 
fishery too will collapse, depriving India's coastal population of a 
sorely needed source of protein. 21 
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If the oceans cannot sustain a catch of more than 95 million 
tons and if world population continues to grow as projected, the 
oceanic fish catch per person — which has already declined 9 per- 
cent since it peaked in 1988 — is likely to drop to 10 kilograms per 
person in 2050. The generation that came of age during World 
War II saw the fish catch per person double during their lifetimes. 
Their grandchildren, the children of today, may witness a one-third 
reduction. 22 

The bottom line is that the growing worldwide demand for sea- 
food can no longer be satisfied from oceanic fisheries. If it is to be 
satisfied, it will be by expanding fish farming, which will further 
intensify the pressure on land resources. Once fish are put in ponds 
or cages, they have to be fed. (See Chapter 7.) 

Forests Shrinking 

At the beginning of the twentieth century, the earth's forested area 
was estimated at 5 billion hectares. Since then it has shrunk to 2.9 
billion hectares — an area roughly double the world's cropland area. 
The remaining forests are rather evenly divided between tropical 
and subtropical forests in developing countries and temperate/bo- 
real forests in industrial countries. 23 

Deforestation is caused by the growing demand for forest prod- 
ucts and the growing conversion of forested land to agricultural 
uses. This forest loss is concentrated in developing countries. From 
1990 to 1995, the loss in these nations averaged 13 million hect- 
ares a year, an area roughly the size of Kansas. Overall, this means 
that the developing world is losing 6.5 percent of its forests per 
decade. The industrial world is actually gaining up to an estimated 
3.6 million hectares of forestland each year, principally from aban- 
doned cropland that is returning to forests on its own, as in Rus- 
sia, and the spread of commercial forestry plantations. 24 

Unfortunately, even these official FAO data do not reflect the 
gravity of the situation. For example, tropical forests that are 
clearcut or burned off rarely recover. They simply become waste- 
land or at best scrub forest, but they are still included in the official 
forestry numbers if they are not included in another land use cat- 
egory such as cropland or building construction. The World Re- 
sources Institute's Forest Frontiers Initiative issued a report in 1997 
on the status of the world's forests. They note that "hidden behind 
such familiar statistics is an equally sobering reality. Of the forests 
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that do remain standing, the vast majority are no more than small 
or highly disturbed pieces of the fully functioning ecosystems they 
once were." The report notes that only 40 percent of the world's 
remaining forest cover can be classified as frontier forest, which 
they define as "large, intact, natural forest systems relatively undis- 
turbed and big enough to maintain all of their biodiversity, includ- 
ing viable populations of the wide-ranging species associated with 
each type." 25 

Use of each of the principal forest products — firewood, paper, 
and lumber — is expanding. Of the 3.28 billion cubic meters of wood 
harvested worldwide in 1999, over half was used for fuel. In de- 
veloping countries, the share was far higher, nearly four fifths of 
the total. In industrial countries, roughly 14 percent of the wood 
harvested was used for fuel, much of it the waste wood used by 
pulp and paper mills to generate electricity and to provide process 
heat. Using the bark and small branches for fuel, some paper mills 
are energy self-sufficient. 26 

Deforestation to satisfy fuelwood demand is extensive in the 
Sahelian zone of Africa and the Indian subcontinent. As urban fire- 
wood demand surpasses the sustainable yield of nearby forests, the 
woods slowly retreat from the city in an ever larger circle, a process 
clearly visible from satellite photographs taken over time. As the 
circles enlarge, the transport costs of firewood increase, triggering 
the development of an industry in charcoal, a more concentrated 
form of energy with lower transportation costs. 27 

Logging also takes a heavy toll, as is evident in countries in 
Africa, the Caribbean, and the Pacific. In almost all cases, logging 
is done by foreign corporations more interested in maximizing the 
harvest of forest products on a one-time basis than in managing 
forests to maximize sustainable yield in perpetuity. Once a country's 
forests are totally clearcut, companies typically move on, leaving 
only devastation behind. 28 

Another loss of forests comes from clearing land for agriculture 
and plantations, usually by burning, a loss that is concentrated in 
the Brazilian Amazon and more recently in Borneo and Sumatra in 
Indonesia. After losing 97 percent of the Atlantic rainforest, Brazil 
is now destroying its Amazon rainforest. This huge forest, roughly 
the size of Europe, was largely intact until 1970. Since then, 14 
percent of Brazil's rainforest has been lost. In 1999 alone, 17,000 
square kilometers were deforested. 29 
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The progressive loss of forest cover has both economic and en- 
vironmental consequences. Economically, the countries that have 
lost their exportable supplies of forest products, such as Nigeria 
and the Philippines, are now net importers of forest products. Also 
lost are the jobs and income that their forest industries once pro- 
vided. 30 

The environmental effects of deforestation are becoming all too 
visible. Scores of countries are suffering from disastrous flooding 
as a result of deforestation. In 1998, the Yangtze River basin, which 
has lost 85 percent of its original tree cover, experienced some of 
the worst flooding in its history. In 2000, Mozambique was par- 
tially inundated as the Limpopo overflooded its banks, taking thou- 
sands of lives and destroying homes and crops on an unprecedented 
scale. The Limpopo river basin, which has lost 99 percent of its 
original tree cover, will likely face many more such floods. 31 

While deforestation accelerates the flow of water back to the 
ocean, it also reduces the airborne movement of water to the inte- 
rior. The world's forests are in effect conduits or systems for trans- 
porting water inland. Eneas Salati and Peter Vose, two Brazilian 
scientists writing in Science, observed that as moisture-laden air 
from the Atlantic moves westward across the Amazon toward the 
Andes, it carries moisture inland. As the air cools and this moisture 
is converted into rainfall, it waters the rainforest below. In a healthy 
rainforest, roughly one fourth of the rainfall runs off into rivers 
and back to the Atlantic Ocean. The other three fourths evapo- 
rates and is carried further inland, where the process is again re- 
peated. It is this water cycling capacity of rainforests that brings 
water inland to the Amazon's vast western reaches. 32 

If the rainforest is burned off and planted to grass for cattle 
raising, then the cycling of rainfall is dramatically altered — three 
fourths of the rainfall runs off and returns to the sea the first time 
it falls, leaving little to be carried inland. As more and more of the 
Amazon is cleared for cattle ranching or farming or is degraded by 
loggers, the capacity of the rainforest to carry water inland dimin- 
ishes. As a result, the western part of the forest begins to dry out, 
changing it into a dryland forest or even a savanna. 33 

The burning and cutting of the Amazonian rainforest could also 
affect agriculture in regions to the south. As the air masses moving 
inland from the Atlantic reach the Andes, they turn southward, 
carrying moisture with them. It is this moisture that provides part 
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of the rainfall in the agricultural regions of southwestern Brazil, 
Paraguay, and northern Argentina. As the deforestation of the 
Amazon progresses, the flow of moisture to these farming areas 
will likely diminish. Efforts to boost farm output by clearing land 
in the eastern Amazon basin could reduce farm output in south- 
western Brazil. 34 

A similar situation may be developing in Africa, where defores- 
tation and land clearing are proceeding rapidly as the demand on 
firewood mounts and as logging firms clear large tracts of virgin 
forests. As the forest area shrinks, the amount of rainfall reaching 
the interior of Africa is diminishing. A comparable trend is unfold- 
ing in China. Wang Hongchang, a Fellow of the Chinese Academy 
of Social Sciences, cites deforestation in the southern and eastern 
provinces of China as a key reason for the rainfall decline in the 
country's northwest, the area where the dust bowl is forming. 35 

A number of countries now have total or partial bans on log- 
ging in primary forests, including Cambodia, China, India, New 
Zealand, the Philippines, Sri Lanka, Thailand, and Viet Nam. Ad- 
ditionally, about 3 million square kilometers, accounting for roughly 
9 percent of the earth's remaining forest area, are set aside as parks 
or nature preserves or for other conservation reasons. In some cases, 
the forests that are set aside are carefully protected, but all too 
often these "paper parks" exist only in theory and in the meaning- 
less laws that set them up. 36 

Rangelands Deteriorating 

One tenth of the earth's land surface is cropland, but an area twice 
this size is rangeland — land that is too dry, too steeply sloping, or 
too infertile to sustain crop production. This area — one fifth of the 
earth's land surface, most of it semiarid — supports the world's 3.3 
billion cattle, sheep, and goats. (See Table 3-1.) These livestock are 
ruminants, animals with complex digestive systems that enable them 
to convert roughage into beef, mutton, and milk. 37 

An estimated 180 million people worldwide make their living 
as pastoralists tending cattle, sheep, and goats. Many countries in 
Africa depend heavily on their livestock economies for food and 
employment. The same is true for large populations in the Middle 
East, Central Asia (including Mongolia), northwest China, and 
much of India. India, which has the world's largest concentration 
of ruminants, depends on cattle and water buffalo not only for 
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Table 3-1. Domesticated Ruminants by Country, 2000 

Country Cattle and Buffalo Sheep and Goats 

(million head) 



Argentina 


55 


17 


Australia 


26 


117 


Bangladesh 


OA 


jj 


Brazil 


169 


31 


China 


127 


279 


Ethiopia 


35 


39 


France 


20 


11 


India 


313 


181 


Mexico 


30 


16 


Nigeria 


20 


45 


Pakistan 


45 


72 


Russia 


28 


16 


United Kingdom 


11 


45 


United States 


98 


9 


Other 


509 


868 


World 


1,510 


1,780 



Source: FAO, FAOSTAT Statistics Database, <apps.fao.org>, updated 2 May 2001. 

milk but also for draft power and fuel. 38 

In other parts of the world, rangelands are exploited by large- 
scale commercial ranching. Australia, whose land mass is domi- 
nated by rangeland, has one of the world's largest sheep flocks of 
117 million sheep — 6 for each Australian. Grass-based livestock 
economies also predominate in Argentina, Brazil, Mexico, and 
Uruguay. And in the Great Plains of North America, lands that are 
not suited to growing wheat are devoted to grazing cattle. 39 

Although public attention often focuses on the role of feedlots 
in beef production, the world's beef and mutton are produced largely 
on rangeland. The share of the world's cattle, sheep, and goats in 
feedlots at any time is a tiny fraction of the vast numbers feeding 
on grass. Even in the United States, which has most of the world's 
feedlots, the typical steer is in a feedlot for only a matter of months. 
If rangelands deteriorate, so too will this forage-based segment of 
the world's livestock economy. 



60 



ECO-ECONOMY 



Beef and mutton tend to dominate meat consumption where 
grazing land is abundant relative to population size. Among the 
countries with high beef consumption per person are Argentina, 
with 69 kilograms per year (152 pounds); the United States, with 
45 kilograms; Brazil, 39 kilograms; and Australia, 36 kilograms. 
In some countries with extensive grazing land, mutton looms large 
in the diet, as in New Zealand with 25 kilograms, Australia 14 
kilograms, and Kazakhstan 7 kilograms. 40 

These same ruminants that are uniquely efficient at converting 
roughage into meat and milk for human consumption are also a 
source of leather and wool. The world's leather goods and woolen 
industries, the livelihood for millions, depend on rangelands for 
their raw materials. 

Worldwide, almost half of all grasslands are lightly to moder- 
ately degraded and 5 percent are severely degraded. The excessive 
pressure on grasslands, not unlike that on oceanic fisheries, afflicts 
industrial and developing countries alike. A survey of the U.S. public 
grazing lands managed by the Bureau of Land Management in 2000, 
for example, showed that only 36 percent of native public range- 
lands have forage that is in good or excellent condition, with most 
of the remainder of fair or poor quality. 41 

Although the data for grassland degradation are sparse, the prob- 
lem is highly visible throughout Africa, where livestock numbers 
have tracked the growth in human numbers. In 1950, 238 million 
Africans relied on 273 million livestock. By 2000, there were 794 
million people and 680 million livestock. 42 

In this continent where grain is scarce, 230 million cattle, 241 
million sheep, and 209 million goats are supported almost entirely 
by grazing and browsing. The number of livestock, a cornerstone 
of the economy everywhere except in the tsetse-fly belt (roughly 
the western Congo Basin), often exceeds grassland carrying capac- 
ity by half or more. A study that charted the mounting pressures 
on grasslands in nine southern African countries found that the 
capacity to sustain livestock is diminishing. 43 

Iran — one of the most populous countries in the Middle East, 
with 70 million people — illustrates the pressures facing that region. 
With more than 8 million cattle and 81 million sheep and goats — 
the source of wool for its fabled rug-making industry — Iran is faced 
with the deterioration of its rangelands because of overstocking. In 
a country where the sheep and goats outnumber humans, mutton 
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consumption looms large in the diet. However, with rangelands 
now being pushed to their limits and beyond, the current livestock 
population may not be sustainable. 44 

China faces similarly difficult challenges. In northwestern China, 
the buildup in livestock since the economic reforms in 1978 is de- 
stroying vast areas of grassland. Since then, livestock numbers have 
increased dramatically. In Gonge County, for example, in eastern 
Qinghai Province, the number of sheep that the local grasslands 
can support is estimated at 3.7 million, but by the end of 1998, the 
region's flock had reached 5.5 million — far beyond its carrying ca- 
pacity. The result is fast-deteriorating grassland, desertification, and 
in some locations the creation of sand dunes. Erik Eckholm, writ- 
ing in the New York Times, reports that "the rising sands are part 
of a new desert forming here on the eastern edge of the Qinghai- 
Tibet Plateau, a legendary stretch once known for grasses reaching 
as high as a horse's belly and home for centuries to ethnic Tibetan 
herders." 45 

Fodder needs of livestock in nearly all developing countries now 
exceed the sustainable yield of rangelands and other forage re- 
sources. In India, the demand for fodder in 2000 was estimated at 
700 million tons, while the sustainable supply totaled just 540 
million tons. The National Land Use and Wastelands Development 
Council there reports that in states with the most serious land deg- 
radation, such as Rajasthan and Karnataka, fodder supplies satisfy 
only 50-80 percent of needs, leaving large numbers of emaciated, 
unproductive cattle. 46 

After mid-century, world beef and mutton production expanded 
much faster than population, climbing from 9 kilograms per per- 
son in 1950 to 13 kilograms in 1972. (See Figure 3-1.) Since then, 
however, the growth in world beef and mutton production has 
fallen behind that of population, dropping the per capita supply to 
11 kilograms, a decline of about one fifth. 47 

Land degradation from overgrazing is taking a heavy economic 
toll in the form of lost livestock productivity. In the early stages of 
overgrazing, the costs show up as lower land productivity. But if 
the process continues, it destroys vegetation, leading to the erosion 
of soil and the eventual creation of wasteland. A U.N. assessment 
of the earth's dryland regions showed that livestock production 
lost from rangeland degradation exceeded $23 billion in 1990. (See 
Table 3-2. ) 48 



62 ECO-ECONOMY 



Kilograms 



LA 

10 

S' 






6 




4 

2 




M Litton 


0- 




Source: FAOmd World 


vend? htzmme 


ts 


50 1960 


1970 1980 1990 


2000 20 



Figure 3-1. WbrM Bee/" and Mutton Production 
Per Person, 1950-2000 



In Africa, the annual loss of rangeland productivity is estimated 
at $7 billion, more than the gross domestic product of Ethiopia. In 
Asia, livestock losses from rangeland degradation total over $8 bil- 
lion. Together, Africa and Asia account for two thirds of the global 
loss. 49 

With most rangeland now being grazed at capacity or beyond, 
the prospect for substantial future gains in beef and mutton pro- 
duction from rangelands is not good. And given the inefficient con- 
version of grain to meat by cattle, substantial further gains in beef 
and mutton production may be possible only by feeding more crop 
residues. (See Chapter 7.) 

Soils Eroding 

After the earth was created, soil formed slowly over time from the 
weathering of rocks. It was this soil that supported early plant life 
on land. As plant life spread, the plants protected the soil from 
wind and water erosion, permitting it to accumulate and to sup- 
port even more plant life. This symbiotic relationship facilitated an 
accumulation of topsoil until it could support a rich diversity not 
only of plants, but also of the animal life that depends on plants. 

The thin mantle of topsoil, measured in inches over most of the 
earth, is the foundation of civilization. When earlier civilizations 
lost their productive topsoil from mismanagement and erosion, they 
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Table 3-2. Livestock Production Loss from Land 
Degradation in Dryland Regions, 1990 



Continent 



Production Loss 



(billion dollars) 



Africa 
Asia 

Australia 
Europe 

North America 
South America 



7.0 
8.3 
2.5 
0.6 
2.9 
2.1 



Total 1 



23.2 



Column does not add up to total due to rounding. 
Source: See endnote 48. 



crumbled as their food supply shrank. With an estimated 36 per- 
cent of the world's cropland now losing topsoil at a rate that is 
undermining its productivity, our food security is also at risk if this 
trend continues. 50 

As pressures to expand food production have climbed, farmers 
have been forced into marginal areas, plowing land that is too dry 
or too steeply sloping to sustain cultivation. At some point prob- 
ably within the last century, the long-term accumulation of topsoil 
was reversed as erosion losses surpassed new soil formation, lead- 
ing to a gradual depletion of this basic natural capital. 

The United States, the world's breadbasket, has undergone two 
periods of extensive overplowing, each of which led to heavy losses 
of topsoil. The first occurred in the early 1930s when a severe 
multiyear drought led to extensive wind erosion in the southern 
Great Plains. The resulting environmental devastation not only gave 
the era its name, the Dust Bowl, but it triggered one of the largest 
internal migrations in U.S. history as droves of people left the south- 
ern Great Plains and headed west for California. 51 

After new agricultural practices were adopted in response to 
the Dust Bowl, such as planting windbreaks and strip-cropping 
land, with alternate-year fallowing, the soil was stabilized. But as 
demand for food began to climb rapidly after mid-century, and as 
grain prices reached record highs during the 1970s, farmers again 
began plowing from "fencerow to fencerow" — planting everything 
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in sight. By 1982, the United States was losing annually an esti- 
mated total of 3.08 billion tons of topsoil from its cropland. 52 

In contrast to the Dust Bowl, when wind erosion in the Great 
Plains was the problem, this time it was mostly water erosion in 
the Corn Belt. In states such as Iowa, with its rolling farmland, 
farmers were losing almost 20 tons of topsoil per hectare each year 
from water erosion. A dozen U.S. studies analyzing the effect of 
erosion on land productivity found that losing an inch of topsoil 
reduced corn and wheat yields an average of 6 percent. With na- 
ture needing centuries to form an inch of topsoil, current losses are 
irreversible if time horizons are measured on a human time-scale. 53 

One consequence of overplowing is that countries eventually 
have to pull back and reduce the harvested area. Some have done 
this through carefully designed programs to convert highly erod- 
ible cropland back into grassland or forests. For example, the U.S. 
Conservation Reserve Program (CRP) launched in 1985 was de- 
signed to simultaneously control surplus production and conserve 
soil by retiring the most erodible land. Initiated and supported by 
environmental groups, the program encouraged farmers to take 
their highly erodible land out of production by providing govern- 
ment payments under 10-year contracts to plant the land in grass 
or trees. 54 

Within five years, U.S. farmers had converted nearly 15 million 
hectares of cropland, roughly 10 percent of the national total, to 
grassland. This reduced excessive soil erosion nationwide by some 
40 percent, helping to enhance food security for the entire world. 
The nonmarket benefits from soil erosion reduction and the provi- 
sion of habitat by the CRP between 1985 and 2000 are estimated 
to exceed $1.4 billion. 55 

The Soviet Union overexpanded its plowing with the Virgin 
Lands Project between 1954 and 1960. In an effort to boost farm 
output and become an agricultural superpower, the Soviets plowed 
up vast areas of grassland in Central Asia, an effort centered in 
Kazakhstan. During this period, the increase in wheat area in 
Kazakhstan was equal to the entire wheat area of Canada and 
Australia combined. 56 

Unfortunately, not all of this land could sustain cultivation. Much 
of the wheatland of Kazakhstan, a semiarid country, has eroded to 
the point where it can no longer support cropping. After the grain 
area reached 25 million hectares by 1960, it held there until 1984 
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or so, when it started shrinking as productivity fell and the less 
productive land was abandoned. By 2001, it had dropped to 12 
million hectares. (See Figure 3-2.) Although this loss may have 
surprised the political leaders in Moscow who engineered the ex- 
pansion in the 1950s, it did not surprise the soil scientists at the 
Institute of Soil Management in Alma Alta, who pointed out in 
1994 that grain cultivation could be sustained on only half the 
area originally plowed. Even those estimates may prove to be overly 
optimistic. 57 

Whether topsoil loss, declining yields, and the abandonment of 
cropland in Kazakhstan can be arrested remains to be seen. Even 
the grainland still being farmed yields less than 1 ton of wheat per 
hectare — a fraction of the 7 tons per hectare in France, the leading 
wheat producer in Western Europe. 58 

If soil erosion proceeds too far, it can convert land to desert, 
becoming wasteland. At an intermediate stage of degradation, it 
can be returned to grassland, as in Kazakhstan, retaining some pro- 
ductive value. If the intervention comes early enough in the decline 
cycle, the land can be saved by managing it responsibly, as was the 
case during the Dust Bowl period. Or the land can be systemati- 
cally retired and converted to grassland or woodland. Yet for many 
developing countries, where populations have doubled or even 
tripled over the last half -century, this is not always an option. 

In the majority of developing countries, the growing demand 
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for food has forced agriculture onto marginal lands. In China, for 
instance, a doubling of population since 1950 combined with record 
rises in income since 1980 have nearly tripled the demand for grain. 59 
China's loss of cropland to the construction of factories, roads, 
and expanding cities, particularly in the prosperous coastal prov- 
inces, led to mounting concern in Beijing about the country's shrink- 
ing cropland area. The result was an attempt to offset these losses 
by plowing more land in the semiarid northwest. But the newly 
plowed land, much less productive, was highly vulnerable to wind 
erosion. 60 

As described at the beginning of this chapter, in recent years 
dust storms in China have become more frequent and more in- 
tense, often covering cities in the northeast with layers of dust. In 
May 2000, the China Daily reported, "Disastrous sand storms that 
hit several major cities recently in North China have alarmed the 
nation about the devastating consequences of the development strat- 
egy that turned a blind eye on the environment." The desertifica- 
tion now under way in northwest China aroused public concern as 
"dust-laden blasts began to bury villages, blow into cities, and suf- 
focate residents." 61 

These new reports, coupled with scientific studies, indicate that 
a dust bowl is forming in northern China. The April 2001 dust 
storm mentioned earlier was one of the largest ever recorded. U.S. 
scientists in Colorado measured the dust in this storm above them 
in Boulder at altitudes up to 10,700 meters (35,000 feet). China is 
losing millions of tons of topsoil, a depletion of its natural capital 
that it can ill afford. 62 

In Africa, population growth and the degradation of cropland 
are also on a collision course. Rattan Lai, an internationally noted 
agronomist at Ohio State University's School of Natural Resources, 
has made the first estimate of yield losses due to soil erosion for the 
continent. Lai concluded that soil erosion and other forms of land 
degradation have reduced Africa's grain harvest by 8 million tons, 
or roughly 8 percent. Further, he expects the loss to climb to 16 
million tons by 2020 if soil erosion continues unabated. 63 

Among the countries experiencing unusually heavy soil losses 
are Nigeria, Rwanda, and Zimbabwe. Nigeria, Africa's most popu- 
lous nation, is suffering from extreme gully erosion. Lai reports 
gullies 5-10 meters deep and 10-100 meters wide. In January 2001, 
Alhaji Sanni Daura, Nigeria's Minister of Environment, announced 
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that the country was losing some 500 square kilometers of crop- 
land to desertification each year. Daura is concerned that unless 
this desert encroachment can be reversed, Nigeria may soon face 
severe food shortages. 64 

On the northern edge of the Sahara, Algeria is also faced with 
the desertification of cropland. In December 2000, the agriculture 
ministry announced a four-year plan to halt the advancing deserti- 
fication that they fear will soon threaten the fertile northern areas 
of the country. The plan is to convert the southernmost 20 percent 
of its grainland into tree crops, including fruit and olive orchards 
and vineyards. The government hopes that this barrier of perma- 
nent vegetation will halt the northward march of the Sahara. Out 
of desperation, Algeria, a country already dependent on imports 
for 40 percent of its grain, is willing to convert one fifth of its 
grain-producing land to tree crops in an attempt to protect the 
remaining four fifths. 65 

In East Africa, governments are facing a similar situation. Coun- 
tries such as Ethiopia, Kenya, and Somalia are experiencing land 
degradation and cropland abandonment. Kenya's 1950 popula- 
tion of 6 million has increased to 31 million, putting unsustainable 
pressure on local forests, rangelands, and croplands. During the 
severe drought of 2000, the Masai, in an act of desperation, drove 
their cattle into Nairobi to feed on the grass in well-watered parks 
and residential lawns. 66 

The failure of Africa's governments to address the soil erosion 
threat effectively is depleting Africa's most essential natural capi- 
tal — its soil. The next generation of farmers in Africa must try to 
feed not the 800 million people of today, but the projected 2 bil- 
lion in the year 2025 — and with far less topsoil. 67 

In Mexico, many of the 900,000 migrants who leave rural com- 
munities in arid and semiarid regions of the country each year are 
doing so because of desertification. Some of these environmental 
refugees end up in Mexican cities, others cross the northern border 
into the United States. U.S. analysts estimate that Mexico is forced 
to abandon 1,036 square kilometers (400 square miles) of farm- 
land to desertification each year. 68 

The World Bank, citing studies for Costa Rica, Malawi, Mali, 
and Mexico, concludes that the gradual losses of agricultural pro- 
ductivity from soil erosion now translate into annual losses in farm 
output equal to 0.5-1.5 percent of these countries' gross domestic 
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products. The toll of soil erosion on the earth's productivity can be 
seen in the abandoned villages in Ethiopia, where there is not enough 
soil left to support even subsistence-level agriculture. And in the 
former Soviet Union, land degradation, mostly from erosion, helped 
convert some 20 percent of the land in grain in 1977 either to soil- 
conserving forage crops, to alternate-year fallowing, or, where there 
was no effort to save the soil, to forest or wasteland by 1993. 69 

Unfortunately, many countries have not taken the initiative to 
reduce soil erosion and are paying a high price. For example, lost 
productivity on Africa's rain-fed cropland, virtually all from soil 
erosion, has reduced the annual harvest by an estimated $1.9 bil- 
lion. 70 

The challenge is to arrest the excessive loss of topsoil on all land 
everywhere, reducing it to or below the level of new soil forma- 
tion. The world cannot afford this loss of natural capital. If we 
cannot preserve the foundation of civilization, we cannot preserve 
civilization itself. 

Species Disappearing 

The archeological record shows five great extinctions since life be- 
gan, each representing an evolutionary setback, a wholesale im- 
poverishment of life on the earth. The last of these mass extinc- 
tions occurred some 65 million years ago, most likely when an 
asteroid collided with the earth, spewing vast amounts of dust and 
debris into the atmosphere. The resultant abrupt cooling obliter- 
ated the dinosaurs and at least one fifth of all other extant life 
forms. 71 

We are now in the early stage of the sixth great extinction. Un- 
like previous ones, which were caused by natural phenomena, this 
one is of human origin. For the first time in the earth's long history, 
one species has reached the point where it can eradicate much of 
life. 

As various life forms disappear, they alter the earth's ecosystem, 
diminishing the services provided by nature, such as pollination, 
seed dispersal, insect control, and nutrient cycling. This loss of spe- 
cies is weakening the web of life, and if it continues it could tear 
huge gaps in its fabric, leading to irreversible and potentially un- 
predictable changes in the earth's ecosystem. 

Species of all kinds are threatened by habitat destruction, prin- 
cipally through the loss of tropical rainforests. As we burn off the 
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Amazon rainforest, we are burning one of the great genetic store- 
houses, in effect one of the great libraries of genetic information. 
Our descendents may one day view the wholesale burning of this 
repository of genetic information much as we view the burning of 
the library in Alexandria in 48 BC. 

Habitat alteration from rising temperatures, chemical pollution, 
or the introduction of exotic species can also decimate both plant 
and animal species. As human population grows, the number of 
species with which we share the planet shrinks. We cannot sepa- 
rate our fate from that of all life on the earth. If the rich diversity of 
life that we inherited is continually impoverished, eventually we 
will be as well. 72 

The share of birds, mammals, and fish that are vulnerable or in 
immediate danger of extinction is now measured in double digits: 
12 percent of the world's nearly 10,000 bird species; 24 percent of 
the world's 4,763 mammal species; and an estimated 30 percent of 
all 25,000 fish species. 73 

When the World Conservation Union-IUCN released its new- 
est Red List of Threatened Species in 2000, it showed an increase 
in the "critically endangered" in all categories. For example, the 
number of critically endangered primates rose from 13 in 1996 to 
19 in 2000. The number of freshwater species of turtles in this 
category, many of them in strong demand in Asia for food and for 
medicinal uses, increased from 10 to 24. For birds overall, the num- 
ber in the critically endangered category went from 168 in 1996 to 
182 in 2000. Like many other trends of environmental decline, 
this one, too, is accelerating. 74 

Among mammals, the 600 known species of primates other than 
humans are most at risk. IUCN reports that nearly half of these 
species are threatened with extinction. Some 79 of the world's pri- 
mate species live in Brazil, where habitat destruction poses a par- 
ticular threat. Hunting, too, endangers many primate species. It is 
a threat principally in West and Central Africa, where the deterio- 
rating food situation is creating a lively market for "bushmeat." 75 

The bonobos of West Africa, a smaller version of the chimpan- 
zees of East Africa, may be our closest living relative both geneti- 
cally and in terms of social behavior. But this is not saving them 
from the bushmeat trade or the destruction of their habitat by log- 
gers. Concentrated in the dense forest of the Democratic Republic 
of the Congo, their numbers fell from an estimated 100,000 in 
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1980 to fewer than 10,000 by 1990. Today there are only 3,000 
left. In less than one generation, 97 percent of the bonobos have 
disappeared. 76 

Birds, because of their visibility, are a useful indicator of the 
diversity of life. Of the 9,946 known bird species, roughly 70 per- 
cent are declining in number. Of these, an estimated 1,183 species 
are in imminent danger of extinction. Habitat loss and degrada- 
tion affect 85 percent of all threatened bird species. For example, 
61 bird species have become locally extinct with the extensive loss 
of lowland rainforest in Singapore. Some once-abundant species 
may have already dwindled to the point of no return. The great 
bustard, once widespread in Pakistan and surrounding countries, 
is being hunted to extinction. Ten of the world's 17 species of pen- 
guins are threatened or endangered, potential victims of global 
warming. 77 

The threat to fish may be the greatest of all, with nearly one 
third of all species — freshwater and saltwater — now facing pos- 
sible extinction. Worldwide, the principal causes of this loss are 
habitat degradation in the form of pollution and the excessive ex- 
traction of water from rivers and other freshwater ecosystems. An 
estimated 37 percent of the fish species that inhabit the lakes and 
streams of North America are either extinct or in jeopardy. Ten 
North American freshwater fish species have disappeared during 
the last decade. In semiarid regions of Mexico, 68 percent of native 
and endemic fish species have disappeared. The situation may be 
even worse in Europe, where some 80 species of freshwater fish 
out of a total of 193 are threatened, endangered, or of special con- 
cern. Two thirds of the 94 fish species in South Africa need special 
protection to avoid extinction. 78 

Threatened species include both little known ones and those 
that are well known and highly valued. The harvest of the Caspian 
Sea sturgeon, for example, source of the world's most prized caviar, 
has fallen from 22,000 tons per year in the late 1970s to 1,100 
tons in the late 1990s. Overfishing, much of it illegal, is respon- 
sible. 79 

Another indicator of the earth's environmental deterioration is 
the decline in various types of amphibians — frogs, toads, and sala- 
manders. Widespread evidence that amphibian populations were 
disappearing initially surfaced at the first World Congress of Her- 
petology in Canterbury, England, in 1989. It was at this confer- 
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ence that scientists first realized that the seemingly isolated disap- 
pearances of amphibian populations were actually a worldwide 
phenomenon. Among the apparent contributing factors are the 
clearcutting of forests, the loss of wetlands, the introduction of 
alien species, changes in climate, increased ultraviolet radiation, 
acid rain, and pollution from both agriculture and industry. Spend- 
ing their lives in both aquatic and terrestrial environments, am- 
phibians are affected by changes in each, making them an unusu- 
ally sensitive barometer of the earth's changing physical condition. 80 

The leatherback turtle, one of the most ancient animal species, 
and one that can reach a weight of 360 kilograms ( 800 pounds), is 
fast disappearing. Its numbers have dropped from 115,000 in 1982 
to 34,500 in 1996. At the Playa Grande nesting colony on Costa 
Rica's west coast, the number of nesting females dropped from 
1,367 in 1989 to 117 in 1999. James Spotila and colleagues, writ- 
ing in Nature, warn that "if these turtles are to be saved, immedi- 
ate action is needed to minimize mortality through fishing and to 
maximize hatchling production." 81 

One of the newer threats to species, and one that is commonly 
underestimated, is the introduction of alien species, which can al- 
ter local habitats and communities, driving native species to ex- 
tinction. For example, non-native species are a key reason why 30 
percent of the threatened bird species are on the IUCN Red List. 
For plants, alien species are implicated in 15 percent of all the list- 
ings. One consequence of globalization with its expanding inter- 
national travel and commerce is that more and more species are 
being accidentally or intentionally brought into new areas where 
they have no natural predators. 82 

Efforts to save wildlife traditionally have centered on the cre- 
ation of parks or wildlife reserves. Unfortunately, this approach 
may now be of limited value because of the nature of the principal 
threats to biological diversity. If we cannot stabilize population 
and climate, there is not an ecosystem on earth that we can save. 
To optimize resource use, this would argue for shifting some of the 
relatively abundant funds for parkland acquisition into efforts to 
stabilize population and climate. 

The current species extinction rate is at least 1,000 times higher 
than the background rate, yet no one knows how many plant and 
animal species there are today, much less how many there were a 
half -century ago, when the explosion in human economic activity 
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began. Current estimates range from 6 million species up to 20 
million, with the best working estimates falling between 13 million 
and 14 million. We can measure losses where we have a complete 
inventory of species, as with birds, but with insects, where the spe- 
cies number in the millions, only a fraction of the species have been 
identified, described, and cataloged. 83 

Synergies and Surprises 

One concern of environmental scientists is that some trends of en- 
vironmental degradation will reinforce each other, accelerating the 
process. Chris Bright of Worldwatch Institute has analyzed several 
of these synergistic relationships among environmental trends, both 
local and global. One such concern is with ice melting. When land 
is covered with ice and snow, much of the sunlight reaching the 
earth's surface is simply bounced back into space by the high 
reflectivity of the surface. Once the snow and ice melts, the soil or 
the water beneath absorbs much of the energy in the sunlight, rais- 
ing temperatures. The higher temperature leads to more melting, 
and the process begins to feed on itself in what scientists call a 
positive feedback loop. 84 

This is of particular concern in the Arctic Sea, where ice is melt- 
ing, shrinking the reflective area. (See Chapter 2.) The synergistic 
relationship between rising temperatures and reduced reflectivity 
may now have reached the point of no return in the Arctic, sug- 
gesting a future when Arctic sea ice may disappear entirely during 
the summer months. This rise in temperature in the polar region 
may also help explain why the Greenland ice sheet is beginning to 
melt. 85 

Another set of synergies is threatening the earth's forests by fire. 
Intact, healthy rainforests do not burn, but forests weakened by 
logging or slash-and-burn farming become vulnerable to fire. The 
more they burn, the more vulnerable they become. The process, 
which feeds on itself, reinforces the global warming trend. As higher 
temperatures due to climate change lead to the drying out of for- 
ests and more burning, more carbon is emitted into the atmosphere. 
Rising atmospheric carbon dioxide levels accelerate the process of 
global warming. The trends of rising temperatures and burning 
forests begin to reinforce each other. 86 

One consequence of many interacting changes is that they can 
lead to developments that surprise even the scientific community. 
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One such event came in August 2000, as described in Chapter 2, 
when the icebreaker cruise ship discovered open water at the North 
Pole. Yet another recent surprise is the dieoff of coral reefs. Again, 
the reasons for the coral dieoff are complex, but a rise in surface 
water temperature may be responsible. What is surprising is that a 
temperature rise in sea surface water of less than 1 degree Celsius 
can lead to reef deaths. If the reefs continue to die, oceanic ecosys- 
tems will be altered, directly affecting the fisheries that depend on 
the coral reefs as nursery grounds. 87 

These are but a few of the surprises and synergies that have 
been encountered in recent years. No one knows how many the 
new century will bring. And unfortunately, synergistic trends such 
as those just described are often irreversible. As Chris Bright ob- 
serves, "Nature has no reset buttons." 88 
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The Shape of the 
Eco-Economy 



In March 2000, at a briefing on State of the World 2000 for World 
Bank staff, I noted that proposed projects should help build an 
economy that is environmentally sustainable, not one that self-de- 
structs. In response, someone said that the Bank always does an 
environmental assessment of its projects. But that's the problem, I 
replied. Environmental scientists are assessing the effects of projects 
after economists have decided which investments to make. At best, 
the scientists can suggest steps to ameliorate the environmental 
damage from the projects selected by economists. 

What are the odds that an economist not trained in ecology will 
independently design projects that collectively will build an economy 
that is environmentally sustainable? Not very high. The same could 
be said of all leading economic decisionmakers — corporate plan- 
ners, government policymakers, and investment bankers. 

As noted in Chapter 1, an economy is sustainable only if it re- 
spects the principles of ecology. These principles are as real as those 
of aerodynamics. If an aircraft is to fly, it has to satisfy certain 
principles of thrust and lift. So, too, if an economy is to sustain 
progress, it must satisfy the basic principles of ecology. If it does 
not, it will decline and eventually collapse. There is no middle 
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ground. An economy is either sustainable or it is not. 

Today's global economy has been shaped by market forces, not 
by the principles of ecology. Unfortunately, by failing to reflect the 
full costs of goods and services, the market provides misleading 
information to economic decisionmakers at all levels. This has cre- 
ated a distorted economy that is out of sync with the earth's eco- 
system — an economy that is destroying its natural support systems. 

The market does not recognize basic ecological concepts of sus- 
tainable yield nor does it respect the balances of nature. For ex- 
ample, it pays no attention to the growing imbalance between car- 
bon emissions and nature's capacity to fix carbon, much less to the 
role of burning fossil fuels in creating the imbalance. For most 
economists, a rise in carbon dioxide (C0 2 ) levels is of little con- 
cern. For an ecologist, such a rise — driven by the use of fossil fu- 
els — is a signal to shift to other energy sources in order to avoid 
rising temperatures, melting ice, and rising sea level. 

An eco-economy is one that satisfies our needs without jeopar- 
dizing the prospects of future generations to meet their needs, as 
the Brundtland Commission pointed out nearly 15 years ago. The 
purpose of this chapter is to provide a sense of what an eco-economy 
will look like. It also offers some sense of the scope of this change. 
It is not a trivial undertaking. 1 

Ecology Over Economics 

Ecologists understand the ecological processes that support life on 
earth. They understand the fundamental role of photosynthesis, 
the concept of sustainable yield, the role of nutrient cycles, the hy- 
drological cycle, the sensitive role of climate, and the intricate rela- 
tionship between the plant and animal kingdom. They know that 
the earth's ecosystems supply services as well as goods and that the 
former are often more valuable than the latter. 

A sustainable economy respects the sustainable yield of the eco- 
systems on which it depends: fisheries, forests, rangelands, and crop- 
lands. A particular fishery can sustain a catch of a certain size, but 
if the demands on the fishery exceed the sustainable yield by even 
the smallest amount — say, 2 percent a year — the fish stocks will 
begin to shrink and will eventually disappear. As long as the har- 
vest does not exceed the sustainable yield, it can be sustained in 
perpetuity. The same is true for forests and rangelands. 

Nature also relies on balances. These include balances between 
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soil erosion and new soil formation, between carbon emissions and 
carbon fixation, and between trees dying and trees regenerating. 

Nature depends on cycles to maintain life. In nature, there are 
no linear flow-throughs, no situations where raw materials go in 
one end and garbage comes out the other. In nature, one organism's 
waste is another's sustenance. Nutrients are continuously cycled. 
This system works. Our challenge is to emulate it in the design of 
the economy. 

Ecologists appreciate the role of photosynthesis, the process by 
which plants convert solar energy into the biochemical energy that 
supports life on the earth. Anything that reduces the photosyn- 
thetic product, such as desertification, the paving of productive 
land, or the acidification of lakes by acid rain, reduces the produc- 
tivity of the earth in the most fundamental sense. 

Despite this long-standing body of ecological knowledge, na- 
tional governments have expanded economic activity with little 
regard for sustainable yields or the fragile balances in nature. Over 
the last half-century, the sevenfold expansion of the global economy 
has pushed the demand on local ecosystems beyond the sustain- 
able yield in country after country. The fivefold growth in the world 
fish catch since 1950 has pushed the demand of most oceanic fish- 
eries past their ability to produce fish sustainably. The sixfold growth 
in the worldwide demand for paper is shrinking the world's for- 
ests. The doubling of the world's herds of cattle and flocks of sheep 
and goats since 1950 is damaging rangelands, converting them to 
desert. 2 

An ecologist not only recognizes that the services provided by 
ecosystems may sometimes be worth more than the goods, but that 
the value of services needs to be calculated and incorporated into 
market signals if they are to be protected. Although calculating 
services is not a simple matter, any reasonable estimate is far better 
than assuming that the costs are zero, as is now the case. For ex- 
ample, a forest in the upper reaches of a watershed may provide 
services such as flood control and the recycling of rainfall inland 
that are several times more valuable than its timber yield. Unfortu- 
nately, market signals do not reflect this, because the loggers who 
are cutting the trees do not bear the costs of the reduction in ser- 
vices. National economic policies and corporate strategies are based 
largely on market signals. The clearcutting of a forest may be prof- 
itable for a logging firm, but it is economically costly to society. 
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Another major failure of the market to provide reliable infor- 
mation comes when governments subsidize the depletion of re- 
sources or environmentally destructive activities. (See also Chapter 
11.) For example, over several decades the U.S. Forest Service used 
taxpayer money to build roads into national forests so that logging 
companies could clearcut forests. This not only artificially lowered 
the costs of lumber and paper, it led to flooding, soil erosion, and 
the silting of streams and rivers. In the Pacific Northwest, it de- 
stroyed highly productive salmon fisheries. And all this destruc- 
tion was underwritten by taxpayers. 3 

In a world where the demands of the economy are pressing 
against the limits of natural systems, relying on distorted market 
signals to guide investment decisions is a recipe for disaster. His- 
torically, for example, when the supply of fish was inadequate, the 
price would rise, encouraging investment in additional fishing trawl- 
ers. When there were more fish in the sea than we could ever hope 
to catch, the market worked well. Today, with the fish catch often 
exceeding the sustainable yield, investing in more trawlers in re- 
sponse to higher prices will simply accelerate the collapse of these 
fisheries. 

A similar situation exists with other natural systems, such as 
aquifers, forests, and rangelands. Once the climbing demand for 
water surpasses the sustainable yield of aquifers, the water tables 
begin to fall and wells go dry. The market says drill deeper wells. 
Farmers engage in a competitive orgy of well drilling, chasing the 
water table downward. On the North China Plain, where 25 per- 
cent of the country's grain is produced, this process is under way. 
In Hebei Province, data for 1999 show 36,000 wells, mostly shal- 
lower ones, being abandoned during the year as 55,000 new, much 
deeper wells were drilled. In Shandong Province, 31,000 were aban- 
doned and 68,000 new wells were drilled. 4 

In an eco-economy, by definition one that respects the principles 
of ecology, drilling additional wells would be banned once a water 
table showed signs of falling. Instead of spending money to dig 
deeper wells, investments would be channeled into measures to 
boost water efficiency and to stabilize population in order to bring 
water use into balance with the sustainable supply. 

Evidence is accumulating that our global economy is slowly 
undermining itself on several fronts. If we want economic 
progress to continue, we have little choice but to systematically 
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restructure the global economy in order to make it environmen- 
tally sustainable. 

A Monumental Undertaking 

Converting our economy into an eco-economy is a monumental 
undertaking. There is no precedent for transforming an economy 
shaped largely by market forces into one shaped by the principles 
of ecology. 

The scale of projected economic growth outlines the dimensions 
of the challenge. The growth in world output of goods and services 
from $6 trillion in 1950 to $43 trillion in 2000 has caused envi- 
ronmental devastation on a scale that we could not easily have 
imagined a half -century ago. If the world economy continued to 
expand at 3 percent annually, the output of goods and services 
would increase fourfold over the next half-century, reaching $172 
trillion. 5 

Building an eco-economy in the time available requires rapid 
systemic change. We will not succeed with a project here and a 
project there. We are winning occasional battles now, but we are 
losing the war because we do not have a strategy for the systemic 
economic change that will put the world on a development path 
that is environmentally sustainable. 

Although the concept of environmentally sustainable develop- 
ment evolved a quarter-century ago, not one country has a strategy 
to build an eco-economy — to restore carbon balances, to stabilize 
population and water tables, and to conserve its forests, soils, and 
diversity of plant and animal life. We can find individual countries 
that are succeeding with one or more elements of the restructuring, 
but not one that is progressing satisfactorily on all fronts. 

Nevertheless, glimpses of the eco-economy are clearly visible in 
some countries. For example, 31 countries in Europe, plus Japan, 
have stabilized their population size, satisfying one of the most 
basic conditions of an eco-economy. Europe has stabilized its popu- 
lation within its food-producing capacity, leaving it with an ex- 
portable surplus of grain to help fill the deficits in developing coun- 
tries. Furthermore, China — the world's most populous 
country — now has lower fertility than the United States and is 
moving toward population stability. 6 

Among countries, Denmark is the eco-economy leader. It has 
stabilized its population, banned the construction of coal-fired 
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power plants, banned the use of nonrefillable beverage containers, 
and is now getting 15 percent of its electricity from wind. In addi- 
tion, it has restructured its urban transport network; now 32 per- 
cent of all trips in Copenhagen are on bicycle. Denmark is still not 
close to balancing carbon emissions and fixation, but it is moving 
in that direction. 7 

Other countries have also achieved specific goals. A reforesta- 
tion program in South Korea, begun more than a generation ago, 
has blanketed the country's hills and mountains with trees. Costa 
Rica has a plan to shift entirely to renewable energy by 2025. Ice- 
land, working with a consortium of corporations led by Shell and 
DaimlerChrysler, plans to be the world's first hydrogen-powered 
economy. 8 

So we can see pieces of the eco-economy emerging, but systemic 
change requires a fundamental shift in market signals, signals that 
respect the principles of ecological sustainability. Unless we are 
prepared to shift taxes from income to environmentally destruc- 
tive activities , such as carbon emissions and the wasteful use of 
water, we will not succeed in building an eco-economy. (See Chap- 
ter 11.) 

Restoring the balances of nature is a huge undertaking. For en- 
ergy, it depends on shifting from a carbon-based economy to a 
hydrogen-based one. Even the most progressive oil companies, such 
as BP and Royal Dutch Shell, that are talking extensively about 
building a solar/hydrogen energy economy are still investing over- 
whelmingly in oil, with funds going into climate-benign sources 
accounting for a minute share of their investment. 9 

Reducing soil erosion to the level of new soil formation will 
require changes in farming practices. In some situations, it will mean 
shifting from intense tillage to minimum tillage or no tillage. Agro- 
forestry will loom large in an eco-economy. 

Restoring forests that recycle rainfall inland and control flood- 
ing is itself a huge undertaking. It means reversing decades of tree 
cutting and land clearing with forest restoration, an activity that 
will require millions of people planting billions of trees. 

Building an eco-economy will affect every facet of our lives. It 
will alter how we light our homes, what we eat, where we live, 
how we use our leisure time, and how many children we have. It 
will give us a world where we are a part of nature, instead of es- 
tranged from it. 
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Restructuring the Economy 

An economy that is in sync with the earth's ecosystem will contrast 
profoundly with the polluting, disruptive, and ultimately self- 
destructing economy of today — the fossil-fuel-based, automobile- 
centered, throwaway economy. One of the attractions of the west- 
ern economic model is that it has raised living standards for one 
fifth of humanity to a level that our ancestors could not have 
dreamed of, providing a remarkably diverse diet, unprecedented 
levels of material consumption, and unimagined physical mobility. 
But unfortunately it will not work over the long term even for the 
affluent one fifth, much less for the entire world. 

Among the key economic sectors — energy, materials, and food — 
the most profound changes will be in energy and materials. It is 
difficult to imagine a more fundamental sectoral restructuring than 
that in the energy sector as it shifts from oil, coal, and natural gas 
to wind, solar cells, and geothermal energy. 

With materials, the change is not so much in the materials used 
as in the structure of the sector itself as it shifts from the linear 
economic model, where materials go from the mine or forest to the 
landfill, to the reuse/recycle model. In this closed loop system, which 
emulates nature, recycling industries will largely replace extraction 
industries. 

In the food sector, the big changes are not in structure, but in 
the way the sector is managed. The challenge here is to better man- 
age natural capital, to stabilize aquifers by increasing water pro- 
ductivity, and to conserve topsoil by altering agricultural practices. 
And above all else, it means sustaining the rise in land productivity 
in order to avoid clearing more forests for food production. 

We can now see what an eco-economy looks like. Instead of 
being run on fossil fuels, it will be powered by sources of energy 
that derive from the Sun, such as wind and sunlight, and by geo- 
thermal energy from within the earth. (See Chapter 5.) It will be 
hydrogen-based instead of carbon-based. Cars and buses will run 
on fuel-cell engines powered by electricity produced with an elec- 
trochemical process using hydrogen as the fuel instead of internal 
combustion engines. With fuel cells powered by hydrogen, there is 
no climate-disrupting C0 2 or noxious health-damaging pollutants; 
only water is emitted. 

In the new economy, atmospheric C0 2 levels will be stable. In 
contrast to today's energy economy, where the world's reserves of 
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oil and coal are concentrated in a handful of countries, energy 
sources in the eco-economy will be widely dispersed — as widely 
distributed as sunlight and wind. The heavy dependence of the entire 
world on one geographic region — the Middle East — for much of 
its energy will likely decline as the new climate-benign energy sources 
and fuel-cell engines take over. 

The energy economy will be essentially a solar/hydrogen 
economy with various energy sources deriving from the Sun used 
either directly for heating and cooling or indirectly to produce elec- 
tricity. Wind-generated electricity, which is likely to be the lowest- 
cost source of energy, will be used to electrolyze water, producing 
hydrogen. This provides a means of both storing and transporting 
wind energy. Initially, existing natural gas pipelines will be used to 
distribute hydrogen. But over the longer term, both natural gas 
and oil pipeline networks can be adapted to carry hydrogen as the 
world shifts from a carbon-based to a hydrogen-based economy. 

The transport systems of cities will change — indeed, they al- 
ready are. Instead of the noisy, congested, polluting, auto-centered 
transport systems of today, cities will have rail-centered transport 
systems and they will be bicycle- and pedestrian-friendly, offering 
more mobility, more exercise, cleaner air, and less frustration. (See 
Chapter 9.) Historians looking back on the current system will 
likely see it as a dark age in urban evolution. 

Urban transport systems will have the same components as they 
do today: automobile, rail, bus, and bicycle. The difference will be 
in the mix. As more and more city planners recognize the inherent 
conflict between the automobile and the city, new, cleaner, more 
efficient transport systems will develop. Urban personal mobility 
will increase as automobile use and traffic congestion decline. 

The materials sector of the eco-economy will look far different 
too. (See Chapter 6.) Mature industrial economies with stable popu- 
lations can operate largely by recycling the materials already in 
use. The materials loop will be closed, yielding no waste and noth- 
ing for the landfills. 

One of the keys to reversing the deforestation of the earth is 
paper recycling; the potential here has been only partly realized. A 
second key is developing alternative energy sources that will re- 
duce the amount of wood used as fuel. In addition, boosting the 
efficiency of wood burning can measurably lighten the load on 
forests. 
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Another promising option is the use of carefully designed, eco- 
logically managed, and highly productive tree plantations. A small 
area devoted to plantations may be essential to protecting forests 
at the global level. Plantations can yield several times as much wood 
per hectare as can a natural forest. 

In the economy of the future, the use of water will be in balance 
with supply. Water tables will be stable, not falling. The economic 
restructuring will be designed to raise water productivity in every 
facet of economic activity. 

In this environmentally sustainable economy, harvests from oce- 
anic fisheries, a major source of animal protein in the human diet, 
will be reduced to the sustainable yield. Additional demand will be 
satisfied by fish farming. This is, in effect, an aquatic version of the 
same shift that occurred during the transition from hunting and 
gathering to farming. The freshwater, herbivorous carp polyculture 
on which the Chinese rely heavily for their vast production of farmed 
fish offers an ecological model for the rest of the world. 10 

A somewhat similar situation exists for rangelands. One of the 
keys to alleviating the excessive pressure on rangelands is to feed 
livestock the crop residues that are otherwise being burned for fuel 
or for disposal. This trend, already well under way in India and 
China, may hold the key to stabilizing the world's rangelands. (See 
Chapter 7.) 11 

And finally, the new economy will have a stable population. 
Over the longer term, the only sustainable society is one in which 
couples have an average of two children. 

New Industries, New Jobs 

Describing the eco-economy is obviously a somewhat speculative 
undertaking. In the end, however, it is not as open-ended as it might 
seem because the eco-economy's broad outlines are defined by the 
principles of ecology. 

The purpose of describing the restructuring of the overall 
economy before turning to chapters on the key sectors is to give a 
sense of the dynamics at work. The specific trends and shifts de- 
scribed are not projections of what will happen, though the term 
"will" is often used here for the sake of efficiency. No one knows if 
these shifts "will" in fact occur, but we do know that something 
like this is needed if we are to build an eco-economy. 

What is not so clear is how ecological principles will translate 
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into economic design since, for example, each country has a unique 
combination of renewable energy sources that will power its 
economy. Some countries may draw broadly on all their renewable 
energy sources, while others may concentrate heavily on one that 
is particularly abundant, say wind or solar energy. A country with 
a wealth of geothermal energy may choose to structure its energy 
economy around this subterranean energy source. 

Building a new economy involves phasing out old industries, 
restructuring existing ones, and creating new ones. World coal use 
is already being phased out, dropping 7 percent since peaking in 
1996. It is being replaced by efficiency gains in some countries; by 
natural gas in others, such as the United Kingdom and China; and 
by wind power in others such as Denmark. 12 

The automobile industry faces a major restructuring as it changes 
power sources, shifting from the gasoline-powered internal com- 
bustion engine to the hydrogen-powered fuel cell engine. This shift 
from the explosive energy that derives from igniting gasoline vapor 
to a chemical reaction that generates electricity will require both a 
retooling of engine plants and the retraining of automotive engi- 
neers and automobile mechanics. 

The new economy will also bring major new industries, ones 
that either do not yet exist or that are just beginning. Wind elec- 
tricity generation is one such industry. (See Table 4-1.) Now in its 
embryonic stage, it promises to become the foundation of the new 
energy economy. Millions of turbines soon will be converting wind 
into electricity, becoming part of the global landscape. In many 
countries, wind will supply both electricity and, through the elec- 
trolysis of water, hydrogen. Together, electricity and hydrogen can 
meet all the energy needs of a modern society. 

In effect, there will be three new subsidiary industries associ- 
ated with wind power: turbine manufacturing, installation, and 
maintenance. Manufacturing facilities will be found in scores of 
countries, industrial and developing. Installation, which is basi- 
cally a construction industry, will be more local in nature. Mainte- 
nance, since it is a day-to-day activity, will be a source of ongoing 
local employment. 

The robustness of the wind turbine industry was evident in 2000 
and 2001 when high tech stocks were in a free fall worldwide. 
While high tech firms as a group were performing poorly, sales of 
wind turbines were climbing, pushing the earnings of turbine manu- 
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Table 4-1. Examples of Eco-Economy Industries 

Industry Description 

Fish farming Although growth will slow from the double-digit 
rate of the last decade, rapid expansion is likely to 
continue. 

Bicycle Because bicycles are nonpolluting, quiet, require 

manufacturing little parking space, and provide much-needed 

exercise in exercise- deprived societies, they will 

become increasingly common. 

Wind farm Wind electric generation, including off-shore wind 

construction farms, will grow rapidly over the next few decades, 

until wind is supplying most of the world's 

electricity. 

Wind turbine Today the number of utility-scale wind turbines is 
manufacturing measured in the thousands, but soon it will be 

measured in the millions, creating an enormous 

manufacturing opportunity. 

Hydrogen As the transition from a carbon-based to a 

generation hydrogen -based energy economy progresses, 

hydrogen generation will become a huge industry as 

hydrogen replaces coal and oil. 

Fuel cell As fuel cells replace internal combustion engines in 

manufacturing automobiles and begin generating power in 
buildings, a huge market will evolve. 

Solar cell For many of the 2 billion people living in rural 

manufacturing Third World communities who lack electricity, 
solar cells will be the best bet for electrification. 

Light rail As people tire of the traffic congestion and 

construction pollution associated with the automobile, cities in 
industrial and developing countries alike will be 
turning to light rail to provide mobility. 



Tree planting 



As efforts to reforest the earth gain momentum and 
as tree plantations expand, tree planting will 
emerge as a leading economic activity. 
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facturers to the top of the charts. Continuing growth of this sector 
is expected for the next few decades. 

As wind power emerges as a low-cost source of electricity and a 
mainstream energy source, it will spawn another industry — hydro- 
gen production. Once wind turbines are in wide use, there will be 
a large, unused capacity during the night when electricity use drops. 
With this essentially free electricity, turbine owners can turn on the 
hydrogen generators, converting the wind power into hydrogen, 
ideal for fuel cell engines. Hydrogen generators will start to replace 
oil refineries. The wind turbine will replace both the coal mine and 
the oil well. (See Table 4-2.) Both wind turbines and hydrogen 
generators will be widely dispersed as countries take advantage of 
local wind resources. 

Changes in the world food economy will also be substantial. 
(See Chapter 7.) Some of these, such as the shift to fish farming, are 
already under way. The fastest growing subsector of the world food 
economy during the 1990s was aquaculture, expanding at more than 
1 1 percent a year. Fish farming is likely to continue to expand sim- 
ply because of its efficiency in converting grain into animal protein. 13 

Even allowing for slower future growth in aquaculture, fish farm 
output will likely overtake beef production during this decade. 
Perhaps more surprising, fish farming could eventually exceed the 
oceanic fish catch. Indeed, for China — the world's leading consumer 
of seafood — fish farming already supplies two thirds of the sea- 
food while the oceanic catch accounts for the other third. 14 

With this development comes the need for a mixed-feed indus- 
try, one analogous to that which provides the nutritionally bal- 
anced rations used by the poultry industry today. There will also 
be a need for aquatic ecologists, fish nutritionists, and marine vet- 
erinarians. 

Another growth industry of the future is bicycle manufacturing 
and servicing. Because the bicycle is nonpolluting, frugal in its use 
of land, and provides the exercise much needed in sedentary soci- 
eties, future reliance on it is expected to grow. As recently as 1965, 
the production of cars and bikes was essentially the same, but to- 
day more than twice as many bikes as cars are manufactured each 
year. Among industrial countries, the urban transport model being 
pioneered in the Netherlands and Denmark, where bikes are fea- 
tured prominently, gives a sense of the bicycle's future role world- 
wide. 15 
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Table 4-2. Examples of Eco-Economy Sunset Industries 



Industry 


Description 
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Clearcut logging 


The rapid spread in eco-labeling of forest 




products will likely force logging firms to 




change to sustainable harvesting or be driven 




out of business. 


Manufacture 


As efforts to close the materials cycle intensify, 


of throwaway 


many throwaway products will be either banned 


products 


or taxed out of existence. 


Automobile 


As world population urbanizes, the conflict 


manufacturing 


between the automobile and the city will 




intensify, reducing dependence on automobiles. 



As bicycle use expands, interest in electrically assisted bikes is 
also growing. Similar to existing bicycles, except for a tiny battery- 
powered electric motor that can either power the bicycle entirely 
or assist elderly riders or those living in hilly terrain, its soaring 
sales are expected to continue climbing in the years ahead. 

Yet another growth industry is raising water productivity. Just 
as the last half-century has been devoted to raising land productiv- 
ity, the next half -century will be focused on raising water produc- 
tivity. Virtually all societies will be turning to the management of 
water at the watershed level in order to manage available supply 
most efficiently. Irrigation technologies will become more efficient. 
Urban waste water recycling will become common. At present, water 
tends to flow into and out of cities, carrying waste with it. In the 
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future, water will be used over and over, never discharged. Since 
water does not wear out, there is no limit to how long it can be 
used, as long as it is purified before reuse. 

Another industry that will play a prominent role in the new 
economy, one that will reduce energy use, is teleconferencing. In- 
creasingly for environmental reasons and to save time, individuals 
will be "attending" conferences electronically with both audio and 
visual connections. This industry involves developing the electronic 
global infrastructure, as well as the services, to make this possible. 
One day there will likely be literally thousands of firms organizing 
electronic conferences. 

Restructuring the global economy will create not only new in- 
dustries, but also new jobs — indeed, whole new professions and 
new specialties within professions. (See Table 4-3.) For example, 
as wind becomes an increasingly prominent energy source, there 
will be a need for thousands of wind meteorologists to analyze 
potential wind sites, monitor wind speeds, and select the best sites 
for wind farms. The better the data on wind resources, the more 
efficient the industry will become. 

Closely related to this new profession will be the wind engi- 
neers who design the wind turbines. Again, the appropriate tur- 
bine size and design can vary widely according to site. It will be the 
job of wind engineers to tailor designs to specific wind regimes in 
order to maximize electricity generation. 

Environmental architecture is another fast-growing profession. 
Among the signposts of an environmentally sustainable economy 
are buildings that are in harmony with the environment. Environ- 
mental architects design buildings that are energy- and materials- 
efficient and that maximize natural heating, cooling, and lighting. 

In a future of water scarcity, watershed hydrologists will be in 
demand. It will be their responsibility to understand the hydro- 
logical cycle, including the movement of underground water, and 
to know the depth of aquifers and determine their sustainable yield. 
They will be at the center of watershed management regimes. 

As the world shifts from a throwaway economy, engineers will 
be needed to design products that can be recycled — from cars to 
computers. Once products are designed to be disassembled quickly 
and easily into component parts and materials, comprehensive re- 
cycling is relatively easy. 

Technologies used in recycling are sometimes quite different from 
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Profession 



Description 



Wind Wind meteorologists will play a role in the new energy 

meteorologists economy comparable to that of petroleum geologists in 
the old one. 

Family planning If world population is to stabilize soon, literally millions 
midwives of family planning midwives will be needed. 

Foresters Reforesting the earth will require professional guidance 

on what species to plant where and in what 
combination. 

Hydrologists As water scarcity spreads, the demand for hydrologists 

to advise on watershed management, water sources, and 
water efficiency will increase. 

Recycling engineers Designing consumer appliances so they can be easily 
disassembled and completely recycled will become an 
engineering specialty. 



Aquacultural 
veterinarians 



Ecological 
economists 



Geothermal 
geologists 



Environmental 
architects 



Bicycle mechanics 



Until now, veterinarians have typically specialized in 
either large animals or small animals, but with fish 
farming likely to overtake beef production before the 
end of this decade, marine veterinarians will be in 
demand. 

As it becomes clear that the basic principles of ecology 
must be incorporated into economic planning and 
policymaking, the demand for economists able to think 
like ecologists will grow. 

With the likelihood that large areas of the world will 
turn to geothermal energy both for electricity and for 
heating, the demands for geothermal geologists will 
climb. 

Architects are learning the principles of ecology so they 
can incorporate them into the buildings in which we live 
and work. 

As the world turns to the bicycle for transportation and 
exercise, bicycle mechanics will be needed to keep the 
fleet running. 



Wind turbine With millions of wind turbines likely to be installed in 
engineers the decades ahead, there will be strong worldwide 
demand for wind turbine engineers. 
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those used in producing from virgin raw materials. Within the U.S. 
steel industry, for example, where nearly 60 percent of all steel is 
produced from scrap, the technologies used differ depending on 
the feedstock. Steel manufactured in electric arc furnaces from scrap 
uses far less energy than traditional open-hearth furnaces using pig 
iron. It will be the responsibility of the recycling engineers to close 
the materials loop, converting the linear flow-through economy 
into a comprehensive recycling economy. 16 

In countries with a wealth of geothermal energy, it will be up to 
geothermal geologists to locate the best sites either for power plants 
or for tapping directly to heat buildings. Retraining petroleum ge- 
ologists to master geothermal technologies is one way of satisfying 
the likely surge in demand for geothermal geologists. 

If the world is to stabilize population sooner rather than later, it 
will need far more family planning midwives in Third World com- 
munities. This growth sector will be concentrated largely in devel- 
oping countries, where millions of women lack access to family 
planning. The same family planning counselors who advise on re- 
productive health and contraceptive use can also play a central role 
in controlling the spread of HIV. 

Another pressing need, particularly in developing countries, is 
for sanitary engineers who can design sewage systems not depen- 
dent on water, a trend that is already under way in some water- 
scarce countries. As it becomes clear that using water to wash waste 
away is a reckless use of a scarce resource, a new breed of sanitary 
engineers will be in wide demand. Washing waste away is even less 
acceptable today as marine ecosystems are overwhelmed by nutri- 
ent flows. Apart from the ecological disruption of a water-based 
disposal method, there are also much higher priorities in the use of 
water, such as drinking, bathing, and irrigation. 

Yet another new specialty that is likely to expand rapidly in 
agriculture as productive farmland becomes scarce is agronomists 
who specialize in multiple cropping and intercropping. This re- 
quires an expertise both in the selection of crops that can fit to- 
gether well in a tight rotation in various locales and in agricultural 
practices that facilitate multiple cropping. 

History's Greatest Investment Opportunity 

Restructuring the global economy so that economic progress can 
be sustained represents the greatest investment opportunity in his- 
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tory. As noted in Chapter 1, the conceptual shift is comparable to 
that of the Copernican Revolution in the sixteenth century. In scale, 
the Environmental Revolution is comparable to the Agricultural 
and Industrial Revolutions that preceded it. 

The Agricultural Revolution involved restructuring the food 
economy, shifting from a nomadic life-style based on hunting and 
gathering to a settled life-style based on tilling the soil. Although 
agriculture started as a supplement to hunting and gathering, it 
eventually replaced it almost entirely. The Agricultural Revolution 
entailed clearing one tenth of the earth's land surface of either grass 
or trees so it could be plowed. Unlike the hunter-gatherer culture 
that had little effect on the earth, this new farming culture literally 
transformed the surface of the earth. 17 

The Industrial Revolution has been under way for two centu- 
ries, although in some countries it is still in its early stages. At its 
foundation was a shift in sources of energy from wood to fossil 
fuels, a shift that set the stage for a massive expansion in economic 
activity. Indeed, its distinguishing feature is the harnessing of vast 
amounts of fossil energy for economic purposes. While the Agri- 
cultural Revolution transformed the earth's surface, the Industrial 
Revolution is transforming the earth's atmosphere. 

The additional productivity that the Industrial Revolution made 
possible unleashed enormous creative energies. It also gave birth to 
new life-styles and to the most environmentally destructive era in 
human history, setting the world firmly on a course of eventual 
economic decline. 

The Environmental Revolution resembles the Industrial Revo- 
lution in that each is dependent on the shift to a new energy source. 
And like both earlier revolutions, the Environmental Revolution 
will affect the entire world. 

There are differences in scale, timing, and origin among the three 
revolutions. Unlike the other two, the Environmental Revolution 
must be compressed into a matter of decades. The other revolu- 
tions were driven by new discoveries, by advances in technology, 
whereas this revolution is being driven more by our instinct for 
survival. 

As noted earlier, there has not been an investment situation like 
this before. The amount that the world spends now each year on 
oil, the leading source of energy, provides some insight into how 
much it could spend on energy in the eco-economy. In 2000, the 
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world used nearly 28 billion barrels of oil, some 76 million barrels 
per day. At $27 a barrel, this comes to $756 billion per year. How 
many wind turbines will it take to produce this much energy? How 
many solar rooftops? How many geothermal wells? 18 

One big difference between the investments in fossil fuels and 
those in wind power, solar cells, and geothermal energy is that the 
latter will supply energy in perpetuity. These "wells" will not run 
dry. If the money spent on oil in one year were invested in wind 
turbines, the electricity generated would be enough to meet one 
fifth of the world's needs. 19 

Investments in the infrastructure for the new energy economy, 
which would eventually have to be made as fossil fuels are de- 
pleted, will obviously be huge. These include the transmission lines 
that connect wind farms with electricity consumers, and the pipe- 
lines that link hydrogen supply sources with end-users. To a sub- 
stantial degree, the infrastructure for the existing energy economy — 
the transmission lines for electricity and the pipelines for natural 
gas — can be used in the new energy economy as well. The local 
pipeline distribution network in various cities for natural gas can 
easily be converted to hydrogen. 

For developing countries, the new energy sources promise to 
reduce dependence on imported oil, freeing up capital for invest- 
ment in domestic energy sources. Although few countries have their 
own oil fields, all have wind and solar energy. In terms of eco- 
nomic expansion and job generation, these new energy technolo- 
gies are a godsend. 

Investments in energy efficiency are also likely to grow rapidly 
simply because they are so profitable. In virtually all countries, in- 
dustrial and developing, saved energy is the cheapest source of new 
energy. Replacing inefficient incandescent light bulbs with highly 
efficient compact fluorescent lamps offers a rate of return that stock 
markets are unlikely to match. 

There are also abundant investment opportunities in the food 
economy. It is likely that the world demand for seafood, for ex- 
ample, will increase at least by half over the next 50 years, and 
perhaps much more. If so, fish farming output — now 31 million 
tons a year — will roughly need to triple, as will investments in fish 
farming. Although aquaculture's growth is likely to slow from the 
11 percent a year of the last decade, it is nonetheless likely to be 
robust, presenting a promising opportunity for future investment. 20 
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A similar situation exists for tree plantations. At present, tree 
plantations cover some 113 million hectares. An expansion of these 
by at least half, along with a continuing rise in productivity, is likely 
to be needed both to satisfy future demand and to eliminate one of 
the pressures that are shrinking forests. This, too, presents a huge 
opportunity for investment. 21 

No sector of the global economy will be untouched by the Envi- 
ronmental Revolution. In this new economy, some companies will 
be winners and some will be losers. Those who anticipate the emerg- 
ing eco-economy and plan for it will be the winners. Those who 
cling to the past risk becoming part of it. 



from Lester R. Brown, Eco-Economy: Building an Economy for the Earth 
(W. W. Norton & Co., NY: 2001) 
© 2001 Earth Policy Institute®. All Rights Reserved. 



In May of 2001, the Bush White House released with great fanfare 
a 20-year plan for the U.S. energy economy. It disappointed many 
people because it largely overlooked the enormous potential for 
raising energy efficiency. It also overlooked the huge potential of 
wind power, which is likely to add more to U.S. generating capac- 
ity over the next 20 years than coal does. The plan was indicative 
of the problems some governments are having in fashioning an 
energy economy that is compatible with the earth's ecosystem. 1 

Prepared under the direction of Vice President Dick Cheney, the 
administration's plan centered on expanding production of fossil 
fuels, something more appropriate for the early twentieth century 
than the early twenty-first. It emphasized the role of coal, but the 
authors were apparently unaware that world coal use peaked in 
1996 and has declined some 7 percent since then as other countries 
have turned away from this fuel. Even China, which rivals the United 
States as a coal-burning country, has reduced its coal use by an 
estimated 14 percent since 1996. 2 

The energy future that I see is very different from the one out- 
lined in the Bush energy plan. For example, the plan noted that the 
2 percent of U.S. electricity generation that today comes from re- 
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newable sources, excluding hydropower, would increase to 2.8 
percent in 2020. But months before the Bush energy plan was re- 
leased, the American Wind Energy Association (AWEA) was pro- 
jecting a staggering 60-percent growth in U.S. wind-generating ca- 
pacity in 2001. Worldwide, use of wind power alone has multiplied 
nearly fourfold over the last five years, a growth rate matched only 
by the computer industry. 3 

Although the Bush energy plan does not reflect it, the world 
energy economy is on the edge of a major transformation. Histori- 
cally, the twentieth century was the century of fossil fuels. Coal, 
already well established as a major fuel source in 1900, was joined 
by oil when the automobile came on the scene. It was not until 
1967, however, that oil finally replaced coal as the workhorse of 
the world energy economy. Natural gas gained in popularity dur- 
ing the closing decades of the century as concern about urban air 
pollution and global climate change escalated, moving ahead of 
coalinl999. 4 

As the new century begins, the Sun is setting on the fossil fuel 
era. The last several decades have shown a steady shift from coal, 
the most polluting and climate-disrupting fossil fuel, to oil, which 
is somewhat less environmentally disruptive, and then to natural 
gas, the cleanest and least climate-disrupting of the three. It is this 
desire for clean, climate-benign fuels — not the depletion of fossil 
fuels — that is driving the global transition to the solar/hydrogen 
age. 5 

In addition to world coal use peaking in 1996, oil production is 
expected to peak either in this decade or the next. Natural gas use 
will keep expanding somewhat longer because of its generous re- 
serves and its popularity as a clean-burning, carbon-efficient fuel. 
Because it is a gas, it is also the ideal fuel for the transition from a 
carbon-based energy economy to one based on hydrogen. If it keeps 
expanding at 2 percent or so a year, as it has for the last decade, 
natural gas use will require the continued construction of pipelines 
and storage facilities — an infrastructure that can one day easily be 
adapted for hydrogen. 6 

Even the oil companies are now beginning to recognize that the 
time has come for an energy transition. After years of denying any 
link between fossil fuel burning and climate change, John Browne, 
the chief executive officer of British Petroleum (BP) announced his 
new position in a historic speech at Stanford University in May 
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1997. "My colleagues and I now take the threat of global warming 
seriously," said Browne. "The time to consider the policy dimen- 
sions of climate change is not when the link between greenhouse 
gases and climate change is conclusively proven, but when the pos- 
sibility cannot be discounted and is taken seriously by the society 
of which we are a part. We in BP have reached that point." In 
February 1999, ARCO chief executive Michael Bowlin said at an 
energy conference in Houston, Texas, that the beginning of the 
end of the age of oil was in sight. He went on to discuss the need to 
shift from a carbon-based energy economy to a hydrogen-based 
one. 7 

Seth Dunn writes in World Watch magazine that a consortium 
of corporations led by Shell Hydrogen and DaimlerChrysler reached 
an agreement in 1999 with the government of Iceland to make that 
country the world's first hydrogen-powered economy. Shell is in- 
terested because it wants to begin developing its hydrogen produc- 
tion and distribution capacity, and DaimlerChrysler expects to have 
the first fuel cell-powered automobile on the market. Shell plans 
to open its first chain of hydrogen stations in Iceland. 8 

The signs of restructuring the global energy economy are un- 
mistakable. Events are moving far faster than would have been 
expected even a few years ago, driven in part by the mounting 
evidence that the earth is indeed warming up and that the burning 
of fossil fuels is responsible. 9 

The Energy Efficiency Base 

When the new Bush energy plan was announced, many were sur- 
prised at the near-exclusive emphasis on expanding production, 
with little attention given initially to the potential for using energy 
more efficiently. In response, the Washington-based Alliance to Save 
Energy issued a counterproposal, one that would eliminate the need 
to build most of the 1,300 proposed power plants. It would also 
be far less costly and less polluting. 10 

Bill Prindle, Director of the Alliance's building and utility pro- 
grams, pointed out that adopting the household appliance efficiency 
standards agreed to by both the Clinton and the Bush administra- 
tions would eliminate the need for 127 power plants by 2020. If 
the more stringent residential air conditioner efficiency standard 
that was approved by the Clinton administration were adopted, 
this would do away with the need for another 43 power plants. 
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Stronger standards for commercial air conditioning would take care 
of needing 50 plants. Increasing the energy efficiency of new build- 
ings over the next 20 years using tax credits and energy codes would 
save another 170 plants. And improving the energy efficiency of 
existing buildings, including air conditioners, commercial lighting, 
and commercial cooling, would save 210 plants. 11 

Prin die's list goes on, but these five measures alone would elimi- 
nate the need for 600 power plants. The costs of the measures to 
avoid these plants would be far less than the cost of building them. 
All of these steps to save electricity are cost-effective, some of them 
offering 30 percent annual rates of return. 12 

Peter Coy, economics editor at Business Week, points out that 
time-of-day pricing of electricity, which would increase prices dur- 
ing the peak daytime hours and reduce them at night, would also 
greatly reduce the generating capacity needed. Although he did not 
calculate the number of plants that could be saved, it would un- 
doubtedly eliminate the need for another large block. 13 

Amory Lovins of the Rocky Mountain Institute has gained a 
worldwide reputation selling the idea that it is cheaper to save en- 
ergy than to buy it. In response to his persuasive presentations about 
the returns on investment in improved efficiency being often 30 
percent or more a year, many companies have invested heavily in 
reducing their energy use. But even with the efficiency gains since 
the oil price hikes of the 1970s, Lovins believes that U.S. busi- 
nesses could still cut their electric utility bills in half while making 
money doing so. 14 

Europe's example provides ample proof of the latent energy sav- 
ings potential in the United States. Europeans routinely use 30 per- 
cent less energy per unit of gross national product than Americans 
do. The United States could easily meet its requirements for carbon 
reduction under the Kyoto Protocol by 2010 simply by moving to 
European efficiency levels, and these are far below the efficiency 
levels that are possible using state-of-the-art technologies. 15 

Although Europe is already well ahead of the United States in 
energy efficiency, individual countries are continuing to advance. 
In early August 2001, the British introduced a new tax scheme to 
encourage investment in energy-saving equipment. Expenditures 
on capital equipment can now be subtracted from taxable profits 
if the equipment meets established energy efficiency standards. 
Among the categories of equipment eligible for the tax break are 
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cogeneration (combined heat and power), boilers, electric motors, 
lighting, and refrigeration. This plan was modeled on a similar sys- 
tem already operating successfully in the Netherlands. 16 

China is now setting the pace in increasing energy efficiency and 
reducing carbon emissions. Over the last four years, China has ap- 
parently reduced its carbon emissions, even while its economy grew 
7 percent annually, using subsidy phaseouts for coal, market pricing 
for fuels, and new energy conservation initiatives. For example, China 
will soon start to produce a high-efficiency refrigerator that will use 
only half as much electricity as conventional models. 17 

Some of the worldwide potential for saving energy can be seen 
in the substitution of compact fluorescent lamps (CFLs) for tradi- 
tional incandescent light bulbs. The compact fluorescent uses less 
than one fourth as much electricity, and though it costs more than 
an incandescent, it lasts 13 times as long. Over three years, using 
the light four hours a day, the electricity and bulb cost $19.06 for 
a compact fluorescent and $39.54 for an incandescent. Even ex- 
cluding the labor costs of replacing the short-lived incandescent 
bulbs six times during the three years, the return on investing in a 
compact fluorescent lamp is still close to 30 percent a year. 18 

As I travel from country to country launching books and ad- 
dressing conferences, I routinely check the light bulbs in hotel rooms. 
Some hotel chains use CFLs almost exclusively. Others use very 
few or none at all. The worldwide potential for investing in com- 
pact fluorescent lamps and closing power plants in the process is 
not only huge, it is also profitable. 

Another area with enormous potential for efficiency improve- 
ments is automobile fuel. In the United States, which has one of the 
world's most inefficient vehicle fleets, the new 2001 models get an 
estimated 24.5 miles per gallon, down from the peak of 26.2 miles 
per gallon in 1987. Thus fuel efficiency dropped 6 percent when, 
given the advances in technology and growing concern about glo- 
bal warming, it should have been rising. Fortunately, at this writ- 
ing, it appears that Congress may take the lead and establish new 
fuel efficiency standards for the next decade or so. 19 

The fuel efficiency among the 2001 models sold in the United 
States varies widely, ranging from the hybrid electric Honda In- 
sight, which gets 68 miles per gallon on the highway and 61 in the 
city, to a Ferrari, with 13 miles per gallon on the highway and 8 in 
the city. Just above the Ferrari in the fuel ratings are several large 
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sport utility vehicles. The more efficient cars on the market, such 
as the Honda Insight and the Toyota Prius, easily double the aver- 
age fuel efficiency of the U.S. fleet, underlining the enormous po- 
tential for fuel savings. 20 

Regardless of the source of energy, it makes economic and envi- 
ronmental sense to make sure the energy is used efficiently. At a 
minimum, the world should be making all the investments in en- 
ergy efficiency that are profitable with current prices. That alone 
would drop world energy use by a substantial amount. 

Sometimes a simple measure can make a big difference. In 
Bangkok, the city government decided that at 9 p.m. on a given 
weekday evening, all major television stations would be co-opted 
in order to show a big dial with the city's current use of electricity. 
Once the dial appeared on the screen, everyone was asked to turn 
off unnecessary lights and appliances. As viewers watched, the dial 
dropped, reducing electricity use by 735 megawatts, enough to shut 
down two moderate-sized coal-fired power plants. For viewers, 
this visual experiment had a lasting effect, reminding them that 
individually they could make a difference and that collectively they 
could literally close power plants. 21 

The purpose of this section is simply to provide a sense of po- 
tential energy savings. A successful global effort in this direction 
would lower energy expenditures and help reduce air pollution 
and climate disruption while the new energy sources are coming 
online. Even as hydrogen-fueled engines are being developed, it 
would reduce vulnerability to oil price hikes — a matter of concern 
for many governments. 

Harnessing the Wind 

The modern wind industry was born in California in the early 1980s 
in the wake of the oil price hikes of 1973 and 1979. Under the 
leadership of Governor Jerry Brown, the state added its own tax 
incentive to an existing federal one to develop renewable energy 
resources, creating an investment climate that yielded enough wind- 
generating capacity statewide to satisfy the residential needs of San 
Francisco. But after a fast beginning in California, U.S. interest in 
wind energy lagged, almost disappearing for a decade. 22 

While interest in wind energy was sagging in the United States, 
it was continuing to advance in Europe, led initially by Denmark, 
which had built many of the wind turbines that were installed in 
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California. From 1995 to 2000, as noted earlier, wind energy world- 
wide expanded nearly fourfold, a computer industry growth rate. 
(See Figure 5-1.) And the United States got back into the race, with 
AWEA projecting 60 percent growth in U.S. wind generating ca- 
pacity in 2001. 23 

Today Denmark gets 15 percent of its electricity from wind 
power. For Schleswig-Holstein, the northernmost state of Germany, 
the figure is 19 percent — with some parts of that state getting an 
impressive 75 percent. Spain's industrial state of Navarra, starting 
from scratch six years ago, now gets 22 percent of its electricity 
from wind. But in terms of absolute generating capacity, Germany 
has emerged as the world leader, with the United States in second 
place. (See Table 5-1.) Spain, Denmark, and India round out the 
top five. 24 

Advances in wind turbine technology, drawing heavily on the 
aerospace industry, have lowered the cost of wind power from 38^ 
per kilowatt-hour in the early 1980s to less than 4(2 in prime wind 
sites in 2001. (See Figure 5-2.) In some locations, wind is already 
cheaper than oil or gas-fired power. With major corporations such 
as ABB, Royal Dutch Shell, and Enron plowing resources into this 
field, further cost cuts are in prospect. 25 

Wind is a vast, worldwide source of energy. The U.S. Great Plains 
are the Saudi Arabia of wind power. Three wind-rich states — North 
Dakota, Kansas, and Texas — have enough harnessable wind to meet 
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Table 5-1. Wind Energy Generating Capacity 
in Selected Countries, 2000 



Country 



Capacity 



(megawatts) 



Germany 
United States 
Spain 
Denmark 
India 



6,113 
2,554 
2,250 
2,140 
1,167 



Source: See endnote 24. 



national electricity needs. China can double its existing generating 
capacity from wind alone. Densely populated Western Europe can 
meet all its electricity needs from offshore wind power out to an 
ocean depth of 30 meters. 26 

As wind generating costs fall and as concern about climate 
change escalates, more and more countries are climbing onto the 
wind energy bandwagon. Beginning in December 2000, the scale 
of world wind energy development climbed to a new level. Early in 
the month, France announced it will develop 5,000 megawatts of 
wind power by 2010. Later in the month, Argentina announced a 
plan to develop 3,000 megawatts of wind power in Patagonia by 
2010. Then in April 2001, the United Kingdom accepted offshore 
bids for 1,500 megawatts of wind power. In May, a report from 
Beijing indicated that China plans to develop some 2,500 mega- 
watts of wind power by 2005. 27 

The actual growth in wind power is consistently outrunning 
earlier estimates. The European Wind Energy Association, which 
in 1996 had set a target of 40,000 megawatts for Europe by 2010, 
recently upped its goal to 60,000 megawatts. 28 

In the United States, wind power was once confined to Califor- 
nia, but during the last three years wind farms coming online in 
Colorado, Iowa, Minnesota, Oregon, Pennsylvania, Texas, and 
Wyoming have boosted U.S. capacity by half — from 1,680 mega- 
watts to 2,550 megawatts. (One megawatt of wind generating ca- 
pacity typically supplies 350 homes.) The 1,500 or more mega- 
watts to be added in 2001 will be located in a dozen states. A 
300-megawatt wind farm under construction on the Oregon/Wash- 
ington border, currently the world's largest, can supply 105,000 
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Cents 




Figure 5-2. Average Cost per Kilowatt-hour of Wind-powered 
Electricity in the United States, 1982, 1990,and200l 



homes with electricity. 29 

But this is only the beginning. The Bonneville Power Adminis- 
tration (BPA), a U.S. federal agency power supplier, indicated in 
February that it wanted to buy 1,000 megawatts of wind-generat- 
ing capacity and requested proposals. Much to its surprise, it re- 
ceived enough proposals to build 2,600 megawatts of capacity in 
five states, with the potential of expanding these sites to over 4,000 
megawatts. BPA, which may accept most of these proposals, ex- 
pects to have at least one site online by the end of 2001. 30 

A 3,000-megawatt wind farm in the early planning stages in 
east central South Dakota, near the Iowa border, is 10 times the 
size of the Oregon/Washington wind farm. Named Rolling Thun- 
der, this proposed project — initiated by Dehlsen Associates and 
drawing on the leadership of Jim Dehlsen, a wind energy pioneer 
in California — is designed to feed power into the Midwest around 
Chicago. It is not only large by wind power standards, it is one of 
the largest energy projects of any kind in the world today. 31 

Income from wind-generated electricity tends to remain in the 
community, bolstering local economies by providing local income, 
jobs, and tax revenue. One large advanced-design wind turbine, 
occupying a quarter-acre of land, can easily yield a farmer or rancher 
$2,000 in royalties per year while providing the community with 
$100,000 of electricity. 32 
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For farmers and ranchers, discovering the value of their wind 
resources is like striking oil — except that the wind is never depleted. 
One of wind's attractions is that the turbines scattered about a 
farm or ranch do not interfere with the use of the land for farming 
or cattle grazing. For ranchers with prime wind sites, income from 
wind can easily exceed that from cattle sales. The wind boom can 
rejuvenate rural communities throughout the world. 

Once we get cheap electricity from wind, we can use it to elec- 
trolyze water, splitting the water molecule into its component ele- 
ments of hydrogen and oxygen. Hydrogen is the simplest of fuels 
and, unlike coal or oil, is entirely carbon-free. It is the fuel of choice 
for the new, highly efficient fuel cell engine on which every major 
auto manufacturer is now working. DaimlerChrysler plans to mar- 
ket fuel cell-powered cars by 2003. Ford, Toyota, and Honda will 
probably not be far behind. 33 

Surplus wind power can be stored as hydrogen and used in fuel 
cells or gas turbines to generate electricity, leveling supply when 
winds are variable. Wind, once seen as a cornerstone of the new 
energy economy, is likely to become its foundation. 

With the advancing technologies for harnessing wind and pow- 
ering motor vehicles with hydrogen, we can now see a future in 
which U.S. farmers and ranchers supply not only much of the 
country's electricity, but much of the hydrogen for its fleet of auto- 
mobiles as well. For the first time, the United States has the tech- 
nology to divorce itself from Middle Eastern oil. 

Within the United States, a new lobby is developing for wind 
power. In addition to the wind industry and environmentalists, U.S. 
farmers and ranchers are now also urging lawmakers to support 
development of this abundant alternative to fossil fuels. 34 

In manufacturing the turbines that convert wind into electricity, 
Denmark is the world leader. Sixty percent of all the turbines in- 
stalled in 2000 were either manufactured by Danish companies or 
licensed by them. This illustrates how a country can translate fore- 
sight and a strong environmental commitment into a dominant 
position in the fast-emerging eco-economy. The United States, al- 
though now experiencing an extraordinary growth in wind energy 
development, is struggling to get back into the race in the manu- 
facturing of wind energy turbines. The first utility-scale wind tur- 
bine manufacturing facility to be built in the United States outside 
of California has recently started operation in Champaign, Illinois, 
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in the heart of the Corn Belt. 35 

The world is beginning to recognize wind for what it is — an 
energy source that is both vast and inexhaustible, an energy source 
that can supply both electricity and hydrogen for fuel. In the United 
States, farmers are learning that two harvests — crops and energy — 
are better than one. Political leaders are realizing that harnessing 
the wind can contribute to both energy security and climate stabil- 
ity. And consumers opting for green electricity are learning that 
they can help stabilize climate. This is a winning combination. 

Turning Sunlight into Electricity 

After wind power, the second fastest growing source of energy — 
solar cells — is a relatively new one. In 1952, three scientists at Bell 
Labs in Princeton, New Jersey, discovered that sunlight striking a 
silicon-based material produced electricity. The discovery of this 
photovoltaic or solar cell opened up a vast new potential for gener- 
ating electricity. 36 

Initially very costly, solar cells could be used only for high- value 
purposes such as providing the electricity to operate satellites. An- 
other early economical use was powering pocket calculators. Once 
run on batteries, pocket calculators now typically rely on a thin 
strip of silicon for power. 

The next use to become economical was providing electricity in 
remote sites, such as summer mountain homes in industrial coun- 
tries and villages in developing countries not yet linked to an elec- 
trical grid. In the more remote villages, it is already more economi- 
cal to install solar cells than to build a power plant and connect the 
villages by grid. By the end of 2000, about a million homes world- 
wide were getting their electricity from solar cell installations. An 
estimated 700,000 of these were in Third World villages. 37 

As the cost of solar cells continues to decline, this energy source 
is becoming competitive with large, centralized power sources. For 
many of the 2 billion people in the world who do not have access 
to electricity, small solar cell arrays provide a shortcut, an afford- 
able source of electricity. In villages in the Peruvian highlands, for 
example, village families spend roughly $4 a month on candles. 
For just a bit more, they can have much higher quality lighting 
from solar cells. In some Third World communities not serviced by 
a centralized power system, local entrepreneurs are investing in solar 
cell generating facilities and selling the energy to village families. 38 
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Perhaps the most exciting technological advance has been the 
development of a photovoltaic roofing material in Japan. A joint 
effort involving the construction industry, the solar cell manufac- 
turing industry, and the Japanese government plans to have 4,600 
megawatts of electrical generating capacity in place by 2010, enough 
to satisfy all of the electricity needs of a country like Estonia. 39 

With photovoltaic roofing material, the roof of a building be- 
comes the power plant. In some countries, including Germany and 
Japan, buildings now have a two-way meter — selling electricity to 
the local utility when they have an excess and buying it when they 
do not have enough. 40 

Newly constructed office buildings in the United States, Ger- 
many, and Switzerland have incorporated photovoltaic materials 
in their facades to generate electricity. Nothing in the appearance 
of these buildings would indicate to the casual observer that their 
glass walls and windows are in fact small power plants. 

Growth in the sales of photovoltaic cells averaged 20 percent a 
year from 1990 to 2000. Then in 2000, sales jumped by 43 per- 
cent. Over the last decade, worldwide sales of photovoltaic cells 
have increased more than sixfold — from 46 megawatts of capacity 
in 1990 to 288 megawatts in 2000. (See Figure 5-3. ) 41 

The big three in solar cell manufacturing are Japan, the United 
States, and the European Union. In 1999, production of solar cells 
in Japan alone jumped to 80 megawatts, pushing it into first place 
ahead of the United States. A large share of the solar cells produced 




Figure 5-3. World Photovoltaic Shipments, 1971-2000 
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in the United States, which reached 60 megawatts in 1999, was 
exported to developing countries. Europe is currently in third place, 
with 40 megawatts of production in 1999, but its capacity expanded 
by more than half when Royal Dutch Shell and Pilkington Glass 
opened a 25-megawatt solar cell manufacturing facility in Ger- 
many. 42 

When BP merged with Amoco, it also acquired Solarex, the so- 
lar cell arm of Amoco, making BP overnight the world's third-rank- 
ing manufacturer of solar cells after Sharp and Kyocera, both of 
Japan. Siemens/Shell is in fourth place. The world solar cell market 
is marked by intense competition among companies and among 
countries. One reason leading industrial countries have ambitious 
solar roof programs is to help develop their solar cell manufactur- 
ing industries. 43 

Japan, Germany, and the United States all have strong programs 
to support this industry. The new Shell/Pilkington manufacturing 
facility in Germany was built in response to a vigorous German 
program to increase the use of solar energy, particularly on roof- 
tops. In contrast to the Japanese, which rely on a cash subsidy to 
the buyers of solar roofing systems, the German government offers 
a bonus price for solar cell electricity and uses low-interest loans to 
encourage investment. Germany has a 100,000 Roofs program, 
with a goal of installing 300 megawatts of solar cells by 2005. The 
U.S. Million Solar Roofs program was launched in 1997. Although 
it is an impressive goal, government financial support is not nearly 
as strong as in Japan and Germany. Italy, too, has begun to move 
forward on the solar front, with a 10,000 Solar Roofs program. 44 

The potential in the solar arena is enormous. Aerial photographs 
show that even in the notoriously cloudy climate of the British 
Isles, putting solar cells on the country's existing roofs could gener- 
ate 68,000 megawatts of power on a bright day, about half of 
Britain's peak power demand. 45 

The costs of solar cells has fallen from more than $70 per watt 
of production capacity in the 1970s to less than $3.50 per watt 
today. And it is expected to continue dropping, possibly falling to 
only $1 per watt as technologies advance and as manufacturing 
capacity expands by leaps and bounds. Research designed to im- 
prove photovoltaic technology is under way in literally hundreds 
of laboratories. Scarcely a month goes by without another advance 
in either photovoltaic cell design or manufacturing technology. 46 
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Tapping the Earth's Heat 

In contrast to other sources of renewable energy, such as wind 
power, solar cells, and hydropower, which rely directly or indi- 
rectly on sunlight, geothermal energy comes from within the earth 
itself. Produced radioactively within the earth and by the pressures 
of gravity, it is a vast resource, most of which is deep within the 
earth. Geothermal energy can be economically tapped when it is 
relatively close to the surface, as evidenced by hot springs, geysers, 
and volcanic activity. 

This energy source is essentially inexhaustible. Hot baths, for 
example, have been used for millennia. It is possible to extract heat 
faster than it is generated at any local site, but this is a matter of 
adjusting the extraction of heat to the amount generated. In con- 
trast to oil fields, which are eventually depleted, properly managed 
geothermal fields keep producing indefinitely. 

Geothermal energy is much more abundant in some parts of the 
world than in others. The richest region is the vast Pacific Rim. In 
the East Pacific, geothermal resources are found along the coastal 
regions of Latin America, Central America, and North America all 
the way to Alaska. On the west side, they are widely distributed in 
Eastern Russia, Japan, the Korean Peninsula, China, and island 
countries such as the Philippines, Indonesia, New Guinea, Austra- 
lia, and New Zealand. 47 

This buried energy source is used directly both to supply heat 
and to generate electricity. When used for heat, hot water or steam 
is typically pumped from underground, heat is extracted, and then 
the water is re-injected into the earth. Electricity can be generated 
from hot water pumped from beneath the earth's surface, from 
steam extracted directly, or from steam produced by circulating 
water into fissures in hot rock below the surface. Geothermal en- 
ergy extracted directly can be used for space heating, as in Iceland, 
where it heats some 85 percent of buildings; for hot baths where 
springs bring geothermal energy to the surface, as in Japan; and for 
generating electricity, as in the United States. 48 

First harnessed for electricity generation in Italy in 1904, geo- 
thermal energy is now used in scores of countries, although in many 
cases it is used primarily to supply hot water to bath houses. Dur- 
ing the first seven decades of the twentieth century, the growth in 
geothermal electrical generating capacity was modest, reaching only 
1,100 megawatts in 1973. With the two oil price hikes in 1973 
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and 1979, however, use of geothermal energy began to grow. By 
1998, it had expanded nearly eightfold, to 8,240 megawatts. (See 
Figure 5-4. ) 49 

The United States, with more than 2,800 megawatts of capac- 
ity, is the world leader in tapping this energy source. But as a share 
of national electricity generation, other, smaller countries are far 
ahead. Whereas the United States gets only 1 percent of its electric- 
ity from geothermal energy, Nicaragua gets 28 percent and the 
Philippines, 26 percent. 50 

Most countries have barely begun to tap their wealth of geo- 
thermal energy. For countries rich in geothermal energy, such as 
those on the Pacific Rim, bordering the Mediterranean Sea, and 
along Africa's Great Rift, geothermal heat is potentially a huge 
source of energy — and one that does not disrupt the earth's cli- 
mate. In Japan, an abundance of geothermal energy is close to the 
surface, as the thousands of hot spring spas throughout the coun- 
try attest. It is estimated that the potential electrical generating ca- 
pacity of geothermal energy in Japan could meet 30 percent of the 
country's needs. Some countries are so well endowed that they can 
run their economies entirely on geothermal energy. 51 

In a time of mounting concern about climate change, many gov- 
ernments are beginning to exploit the geothermal potential. The 
U.S. Department of Energy, for example, announced in 2000 that 
it was launching a program to develop the rich geothermal energy 
resources in the western United States. The goal is to have 10 per- 
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cent of the electricity in the West coming from geothermal energy 
by 2020. 52 

Natural Gas: The Transition Fuel 

Over the last half-century, the use of natural gas has increased 12- 
fold. Indeed, in 1999 natural gas eclipsed coal as a world source of 
energy, making it second only to oil. (See Figure 5-5.) This growth 
in natural gas use is fortuitous, because as this energy source grows, 
the storage and distribution system — whether long-distance pipe- 
lines or the detailed distribution networks within cities that supply 
natural gas to individual residences — is also expanding, setting the 
stage for the eventual switch to a hydrogen economy. 53 

Natural gas could overtake oil as the world's leading source of 
energy within the next 20 years, particularly if an anticipated down- 
turn in oil production comes in this decade rather than the next. 
Natural gas has gained in popularity both because it is a clean- 
burning source of energy and because it is less carbon-intensive 
than either coal or oil. It emits scarcely half as much carbon as coal 
does for each unit of energy produced. In contrast to both coal and 
oil, which often emit sulfur dioxide and nitrous oxides when burned, 
gas burns cleanly. 54 

It is this clean-burning quality that has appealed to governments 
as a way of reducing air pollution. In China, for example, shifting 
from coal to natural gas for both industrial and residential uses is 
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reducing the urban air pollution that has claimed literally millions 
of lives in recent years. As part of its long-term planning, China is 
building a new pipeline from gas fields discovered in its far north- 
west to the city of Lanzhou in Gansu Province. The government 
has also approved the import of natural gas and is now planning 
to build a pipeline linking Russia's Siberian gas fields with Beijing 
and Tianjin, both leading industrial cities. 55 

Natural gas's potential to play a central role in the transition 
from the fossil fuel era to the solar/hydrogen era has not escaped 
the more progressive leaders in this industry. For example, Gasunie, 
the Netherlands natural gas utility, expects to be a major player in 
this transition. Although Gasunie now transports natural gas from 
the North Sea gas fields across the Netherlands to other countries 
in Europe, the firm plans eventually to use offshore wind power to 
generate electricity, converting it into hydrogen that will then be 
moved through the pipeline system now used for natural gas. 56 

In the United States, Enron, a Texas-based natural gas company 
that in recent years has become a global energy company, is also 
keenly aware of the part it can play in the transition to the new 
energy economy. In recent years, it has purchased two wind com- 
panies, which gives it the capacity to exploit the vast wind resources 
of Texas. This abundance of wind to generate cheap electricity and 
produce hydrogen gives Enron the option of one day feeding the 
hydrogen into the same distribution network of pipelines that it 
now uses to distribute natural gas in the Northeast and Midwest. 57 

A similar situation exists in China, where the development of 
natural gas fields in the northwest and the pipelines used to carry 
the gas eastward to industrial cities could one day be used to carry 
hydrogen produced with the region's wealth of wind resources. 
(The installation of wind turbines along with the more traditional 
windbreaks of trees in areas where soil is vulnerable to wind ero- 
sion could also help control erosion and the dust storms that blow 
across the country to Beijing and other cities.) 

Natural gas companies are well positioned to be leaders in build- 
ing the solar/hydrogen economy. They may someday invest in wind 
electric generation in remote regions that have a wealth of wind, 
and then use that electricity to electrolyze water and produce hy- 
drogen. This could then be exported in liquid form, much as natu- 
ral gas is now compressed into liquid form for shipping in tankers. 
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Getting to the Hydrogen Economy 

The transition from fossil fuels to a solar/hydrogen energy economy 
can be seen in the widely differing growth rates among the various 
sources of energy. (See Table 5-2.) During the 1990s, wind power 
grew by a phenomenal 25 percent annually, expanding from 1,930 
megawatts in 1990 to 18,449 megawatts in 2000. Sales of solar 
cells, meanwhile, grew at 20 percent a year, while geothermal en- 
ergy grew by 4 percent annually. Hydropower, the fourth renew- 
able energy source, grew at 2 percent a year. 



Table 5-2. Trends in Energy Use, by Source, 1990-2000 



Energy Source 


Annual Rate of Growth 




(percent) 


Wind power 


25 


Solar cells 


20 


Geothermal power 


4 


Hydroelectric power 


2 


Natural Gas 


2 


Oil 


1 


Nuclear Power 


0.8 


Coal 


- 1 



Source: Worldwatch Institute, Vital Signs 2001 (New York: W.W. 
Norton & Company, 2001), pp. 40^17. 



Among the fossil fuels, natural gas grew the fastest, at 2 percent 
annually, followed by oil at 1 percent. Coal use declined by 1 per- 
cent a year, with the actual decline coming after 1996. Nuclear 
power continued to grow, but just barely, averaging less than 1 
percent a year during the decade. 

The contrasting growth rates among the various energy sources 
were even greater in the year 2000 than during the 1990s. World 
wind generating capacity grew by 32 percent and sales of solar 
cells by 43 percent. The burning of coal, the fossil fuel that launched 
the industrial era, declined by 4 percent in 2000; natural gas in- 
creased by 2 percent; and oil increased by 1 percent. Nuclear power 
expanded by less than 1 percent. These data for the latest year — 
with the dramatic gains in wind and solar combined with the sharp 
decline for coal — indicate that the restructuring of the energy 
economy is gaining momentum. 58 
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Coal is the first fossil fuel to peak and begin to decline. After 
reaching a historic high in 1996, production dropped 7 percent by 
2000 and is expected to continue declining as the shift to natural 
gas and renewables gains momentum. Coal consumption is declin- 
ing sharply in both the United Kingdom, the country where the 
Industrial Revolution began, and in China, the world's largest user. 59 

The shift in the fortunes of nuclear power could hardly be more 
dramatic. In the 1980s, world nuclear generating capacity expanded 
by 140 percent; during the 1990s, it expanded by 6 percent. Con- 
fronted with decommissioning costs of power plants that could 
rival the original construction costs, the energy source that was to 
be "too cheap to meter" is now too costly to use. Wherever elec- 
tricity markets are opened to competition, nuclear power is in 
trouble. With a number of older plants scheduled to close, its world- 
wide use is likely to peak and start declining in a matter of years. 60 

Nuclear power plant closings are now under way or slated in 
the years immediately ahead in many countries, including Bulgaria, 
Germany, Kazakhstan, the Netherlands, Russia, the Slovak Repub- 
lic, Sweden, and the United States. In three countries once solidly 
committed to this energy source — France, China, and Japan — 
nuclear power is losing its appeal. France has extended its morato- 
rium on new plants. China has said it will not approve any addi- 
tional plants for the next three years. Japan's once ambitious 
program is in trouble. A serious accident in September 1999 at a 
nuclear fuel fabrication plant north of Tokyo has reinforced rising 
public concerns about nuclear safety in Japan. 61 

Meanwhile, the use of wind and solar cells is growing by leaps 
and bounds. The spectacular growth in wind-generated electricity 
is driven by its falling cost. With the new advanced-design wind 
turbines, electricity is being generated at less than 40 per kilowatt- 
hour in prime wind sites — down from 180 a decade ago. Surpluses 
of wind-generated electricity on long-term contracts can guarantee 
the price, something those relying on oil or natural gas cannot do. 
With annual additions of wind capacity during the late 1990s ex- 
ceeding those of nuclear power, the torch is passing to a new gen- 
eration of energy technologies. 62 

In contrast to the old energy economy, in which a handful of 
countries control the supply, the new energy sources are widely 
dispersed. The economic opportunity for developing countries to 
develop their indigenous energy sources promises a strong boost to 
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their overall development. New coalitions are evolving in support 
of the new energy sources, such as the one between U.S. environ- 
mental and agricultural groups in support of wind power develop- 
ment. 

Satisfying the local demand for electricity from wind is not the 
end of the story. As noted earlier, cheap electricity produced from 
wind can be used to electrolyze water, producing hydrogen. At night, 
when electricity demand falls, electricity from wind farms can be 
used to power hydrogen generators to produce fuel for automo- 
biles, trucks, and tractors. 

With the first automobiles powered by fuel cell engines expected 
on the market in 2003 and with hydrogen as the fuel of choice for 
these new engines, a huge new market is opening up. As noted 
earlier, Royal Dutch Shell is already opening hydrogen stations in 
Europe. William Ford, the youthful chairman of the Ford Motor 
Company board, has said he expects to preside over the demise of 
the internal combustion engine. 63 

The economic benefits of developing local low-cost renewable 
sources of energy are obvious. In a community, for example, that 
gets its electricity from wind power, the money spent for electricity 
stays largely in the region. Developing wind resources thus prom- 
ises to help rural communities in many countries, providing a wel- 
come supplemental source of income and employment. 

As the world energy economy is restructured, so, too, will the 
rest of the economy change. The geography of economic activity 
will be altered, in some cases dramatically. The traditional siting of 
heavy industry, such as steel production, in areas where coal and 
iron ore are found in close proximity will no longer be necessary. 
In the future, energy-intensive industries will be located in wind- 
rich regions rather than coal-rich regions. Countries that were once 
importers of energy may become self-sufficient, even exporting elec- 
tricity or hydrogen. 

One of the characteristics of the new energy economy is that it 
will rely much more on decentralized small-scale power sources 
rather than a few large, centralized systems. Small-scale energy sys- 
tems designed to satisfy the needs of individual homes, factories, 
or office buildings will become much more common. Instead of a 
few highly concentrated energy sources, the world will be turning 
to vast numbers of small individual sources of energy. Fuel cells 
powered with hydrogen and the highly efficient combined-cycle 
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gas turbines that are powered by either natural gas or hydrogen 
will become common. Fuel cells can be used to generate electricity 
for office buildings, factories, or individual homes or to power 
automobiles. 

In the eco-economy, hydrogen will be the dominant fuel, re- 
placing oil, much like oil replaced coal and coal replaced wood. 
Since hydrogen can be stored and used as needed, it provides per- 
fect support for an energy economy with wind and solar power as 
the main pillars. If this pollution-free, carbon-free energy source 
can be developed sooner rather than later, many of our present 
energy-related problems can be solved. Electricity and hydrogen 
can together provide energy in all the forms needed to operate a 
modern economy, whether powering computers, fueling cars, or 
manufacturing steel. 

On first reflection, such an energy system may seem a farfetched 
idea. But two decades ago, the idea of desktop or laptop comput- 
ers and Internet communication seemed equally farfetched. As Seth 
Dunn of Worldwatch Institute notes, what is most inconceivable is 
that an information-age economy should be powered by a primi- 
tive, industrial-age energy system. As corporate and government 
decisionmakers begin to understand the need to restructure the 
energy economy, and just how economical and practical a zero- 
emissions, carbon-free energy system can be, then they may finally 
summon the sort of effort that supported the last great energy tran- 
sition — the one from wood to fossil fuels a century ago. 64 

If the goal is to expand wind electric generation fast enough to 
accelerate the phaseout of coal, it would mean extraordinarily rapid 
growth in wind energy. Is such growth possible? Yes. The growth 
in the Internet provides a model. Between 1985 and 1995, the num- 
ber of host computers on the Internet more than doubled each 
year. In 1985, there were 2,300 host computers on the Internet. By 
1995, there were 14,352,000. 65 

A back-of-the-envelope calculation indicates what kind of 
growth would be needed for wind to become the foundation of the 
global energy economy, and how much it would cost. What would 
happen if wind electric generation doubled each year for the next 
10 years, as adoption of the Internet did? Assume for the sake of 
calculation that in 2000 the world had 20,000 megawatts of wind- 
generating electricity online and that in 2001 this doubled to 40,000 
megawatts, then in 2002 to 80,000 megawatts, and so forth. At 
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this rate, by 2005, it would be 640,000 megawatts — nearly enough 
to meet all U.S. electricity demand. By 2010, it would reach 20.4 
million megawatts of wind generating capacity, far beyond today's 
3.2 million megawatts of world generating capacity or the projec- 
tion of 4 million or so megawatts of capacity needed by 20 1 . This 
would not only satisfy world electricity needs, it could meet other 
energy needs as well — including those for transportation and heavy 
industry as well as residential uses. 66 

How much would this cost? Assuming generously that it would 
take $1 million of investment per megawatt of electricity, 10 mil- 
lion megawatts of wind power capacity would require an invest- 
ment over the next 10 years of $10 trillion. This would amount to 
roughly $1 trillion a year — about double what the world spent for 
oil in 2000, or just 2.5 percent of the gross world product of $40 
trillion. Another financial reference point, which is in some ways 
more relevant, is the $700 billion that the world's governments 
have been spending each year on environmentally destructive ac- 
tivities, such as coal mining, excess fishing capacity, and 
overpumping of aquifers. (See Chapter 11.) Shifting these subsi- 
dies into investment in wind development would accelerate the evo- 
lution of an eco-economy on several fronts simultaneously. This 
calculation simply illustrates that if the world wants to move quickly 
to eliminate excessive carbon emissions, it can do so. 67 

The transition from a fossil-fuel- or carbon-based economy to a 
high-efficiency, hydrogen-based economy will provide enormous 
investment and employment opportunities across the globe. The 
question is not whether there will be an energy revolution. It is 
already under way. The only questions are how rapidly it will un- 
fold, whether it will move fast enough to prevent climate change 
from getting out of hand, and who will benefit most from the tran- 
sition. 

Realistically, how fast could wind generation expand during this 
decade? During the 1990s it expanded at 25 percent a year, with 
only a half-dozen countries accounting for most of the growth. If 
all countries with commercially viable wind sites began developing 
their wind, how fast could it expand? Could it double each year? 
That would be tough, requiring a mobilization akin to that during 
World War II. There might be a few annual doublings early in the 
decade while the base is still small, but then the rate of expansion 
would slow. How fast the world develops wind resources will de- 



Building the Solar/Hydrogen Economy 



119 



pend in part on how fast climate changes and how alarmed we 
become by record heat waves, rapid ice melting, and more destruc- 
tive storms. Although predicting the rate of future growth is not 
possible, it is clearly safe to assume that the world could be getting 
much of its electricity from wind by 2010 if it becomes important 
to do so. 68 

In his Worldwatch Paper Hydrogen Futures, Seth Dunn quotes 
President John F. Kennedy: "There are risks and costs to a pro- 
gram of action. But they are far less than the long-range risks and 
costs of comfortable inaction. " Dunn then goes on to establish the 
parallel between Kennedy's cold war observation and the current 
energy transition. "There are risks and costs involved in rapidly 
building a hydrogen economy, but they are far less than the long- 
range risks and costs of remaining comfortably committed to the 
hydrocarbon economy." 69 

The key to accelerating the transition to a hydrogen economy is 
to get the market to incorporate ecological costs in the prices. The 
Economist argues that there is a need to level the playing field and 
then let the market take it from there: "That means, for example, 
dismantling the many subsidies that prop up coal and other fossil 
fuels. It also means introducing a carbon tax or similar mechanism 
to ensure that prices for fossil fuels reflect the harm they do to 
human health and to the environment." More and more analysts 
are reaching this same conclusion. A recent study by the 
Organisation for Economic Co-operation and Development also 
argues for restructuring taxes in order to reduce carbon emissions. 
Phasing in a carbon tax so that the burning of fossil fuels would 
reflect their full cost to society would accelerate the transition to 
wind energy, solar cells, and geothermal energy, expanding them 
far faster during this decade than during the last. 70 
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Designing a New 
Materials Economy 



In March 2001, the Fresh Kills landfill, the local destination for 
New York City's daily output of 12,000 tons of garbage, was per- 
manently closed. Now the garbage is hauled to distant sites in New 
Jersey, Pennsylvania, and Virginia — some of them more than 480 
kilometers (300 miles) away. Assuming a load of 20 tons of gar- 
bage for each of the tractor-trailers that are used for the long-dis- 
tance hauling, some 600 rigs are needed to remove garbage from 
New York City each day. These tractor-trailers form a convoy nearly 
15 kilometers (9 miles) long, impeding traffic, polluting the air, 
and raising carbon emissions. This daily convoy of trucks leaving 
the city led Deputy Mayor Joseph J. Lhota, who supervised the 
Fresh Kills shutdown, to say that getting rid of the city's trash is 
now "like a military-style operation on a daily basis." 1 

What is happening in New York will occur in other cities if they 
also fail to adopt comprehensive recycling programs. Instead of 
focusing efforts on reducing garbage as the Fresh Kills landfill was 
filling, the decision was made to simply haul the garbage to more 
remote sites. Even a simple measure like recycling all its paper could 
shorten the daily convoy leaving the city by 187 tractor-trailers or 
4.5 kilometers (2.8 miles). 2 
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Fiscally strapped local communities are willing to take the gar- 
bage if New York pays enough. Some see it as a bonanza. For the 
state governments, however, that have to deal with the traffic con- 
gestion, noise, increased air pollution, and complaints from nearby 
communities, this arrangement is not so attractive. The Governor 
of Virginia wrote to New York Mayor Rudy Giuliani complaining 
about the use of Virginia as a dumping ground. "I understand the 
problem New York faces," he noted. "But the home state of Wash- 
ington, Jefferson and Madison has no intention of becoming New 
York's dumping ground." Whether New York can continue to 
dump its garbage in others states over the long term remains to be 
seen. 3 

Earlier periods in human history were marked by the material 
that distinguished the era — the Stone Age and the Bronze Age, for 
example. Our age is simply the Material Age, an age of excess whose 
distinguishing feature is not the use of any particular material, but 
the sheer volume of materials consumed. 

Worldwide, we process or use 26 billion tons of materials each 
year, including 20 billion tons of stone, gravel, and sand used for 
road building and construction; over 1 billion tons of iron ore pro- 
cessed for steelmaking; and 700 million tons of gold ore for ex- 
tracting gold. From forests, we take 1.7 billion tons of wood for 
fuel, roughly 1 billion tons for wood products, and just over 300 
million tons for manufacturing paper. To obtain phosphorus and 
potassium to replace the nutrients that our crops remove from soils, 
we annually mine 139 million tons of phosphate rock and 26 mil- 
lion tons of potash. 4 

Each of the earth's 6.1 billion inhabitants uses on average 137 
kilograms (300 pounds) of steel per year in automobiles, house- 
hold appliances, buildings, and other products. This means that 
each of us consumes nearly double our body weight in steel each 
year. Producing that steel means processing more than 340 kilo- 
grams of iron ore per person. 5 

The scale of the materials economy is far larger than most of us 
ever imagine, simply because we come in contact with only the 
final product — we see, for example, the steel in our car or refrig- 
erator, but not the tons of ore from which it was extracted, or we 
see the paper in our newspapers and stationery, but not the stack 
of logs from which it was processed. 

The production of some seemingly innocuous items, such as 
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gold jewelry, can be incredibly destructive. For example, the gold 
rings exchanged by couples during weddings require the process- 
ing of tons of ore, most likely by cyanide leaching. Worldwatch 
researcher John Young calculated that to create a pair of gold wed- 
ding rings, the ore processed is the equivalent of a hole in the ground 
that is 10 feet long, 6 feet wide, and 6 feet deep. Fortunately for the 
newlyweds, this hole is in someone else's backyard. So, too, is the 
cyanide used to separate the gold from the ore. 6 

All the figures just cited are global averages, but the use of ma- 
terials — like that of energy and food — varies widely among societ- 
ies. For example, steel production per person in the United States 
totals 352 kilograms annually; in China, it is 98 kilograms, and in 
India, just 24 kilograms. 7 

The processing of vast quantities of ore to produce metals is 
polluting local air and water. The energy use, the physical disrup- 
tion of the land, and the pollution associated with processing ever 
growing quantities of ore are becoming less and less acceptable. 

The sheer size of the materials economy is not only physically 
disruptive, it also uses vast quantities of energy. In the United States, 
the steel industry alone uses as much electricity as the country's 90 
million homes. 8 

Building an eco-economy depends on restructuring the materi- 
als economy because — like the energy economy — it is in conflict 
with the earth's ecosystem. Architect William McDonough and 
chemist Michael Braungart talk about doing this. They describe an 
economy that is regenerative rather than depletive, one whose prod- 
ucts "work within cradle-to-cradle life cycles rather than cradle- 
to-grave ones." In effect, this redesign means replacing the current 
linear flow-through model with a circular model that emulates 
nature, one that closes the loop. It means replacing mining indus- 
tries with recycling industries, a step that will allow a mature, in- 
dustrial economy with a stable population to live largely on the 
materials already in use. 9 

Throwaway Products 

Two concepts that emerged during the mid-twentieth century have 
shaped the evolution of the global economy — planned obsolescence 
and throwaway products. Both were seized on enthusiastically in 
the United States after World War II as a way of promoting eco- 
nomic growth and employment. The faster things wore out and 
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the sooner they could be thrown away, the faster the economy would 
grow. 

For numerous consumer products, year-to-year changes in de- 
sign became a key to stimulating sales. For automobiles, models 
changed each year. The unveiling of the new models, a major event 
on the economic calendars in leading industrial countries, auto- 
matically reduced the value of the previous year's cars. Model 
changes were intended not so much to improve performance as to 
sell more cars. 

A similar situation exists with clothing, especially for women. 
Annual fashion shows trot out the latest designs. The changes for 
women's wear may involve raising or lowering hemlines, or em- 
phasizing particular colors or fabrics in any given year. For many 
people, self-worth depends on wearing clothes that are "in fash- 
ion." 

The throwaway economy evolved during the last half of the 
twentieth century. Throwaway products, facilitated by the appeal 
to convenience and the artificially low cost of energy, account for 
much of the garbage we produce each day and an even larger share 
of the material that ends up in landfills. 

It is easy to forget how many throwaway products there are 
until we actually begin making a list. We have substituted facial 
tissues for handkerchiefs, disposable paper towels and table nap- 
kins for cloth, and throwaway beverage containers for refillable 
ones. In perhaps the ultimate insult, the shopping bags that are 
used to carry home throwaway products are themselves designed 
to be discarded. (The question at the supermarket checkout counter, 
"Paper or plastic? " should be replaced by, "Do you have your can- 
vas shopping bag with you?") 

The U.S. -based GrassRoots Recycling Network has calculated 
the "wasting rates" of products — that is, the share that is thrown 
away versus that recycled or reused. (See Table 6-1.) Not surpris- 
ingly, products designed for disposal score the highest. By defini- 
tion, the wasting rate of disposable diapers is 100 percent, as is 
that of disposable tissues, plates, and cups. Although Americans 
have markedly improved their record on newspaper recycling over 
the last decade or so, 45 percent of all newsprint is still discarded 
rather than recycled. Tossing newspapers is a way of converting 
forests into landfill. 

The advent of disposable paper plates and cups, plus plastic 
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Table 6-1. Wasting Rates and Quantities of Commonly Discarded 
Items in the United States, 1997 

Product Wasting Rate Quantity 




(percent discarded) 


(million tons) 


Disposable diapers 


100 


3.1 


Disposable tissues, plates, cups 


100 


4.9 


Clothing, footwear 


87 


5.0 


Tires 


77 


3.3 


Magazines 


77 


1.7 


Office paper 


49 


3.5 


Appliances 


48 


2.1 


Newsprint 


45 


6.1 


Aluminum cans 


42 


0.7 


Steel cans 


40 


1.1 



Source: U.S. Environmental Protection Agency, "Characterization of Municipal Solid 
Waste in the United States: 1998 Update," as reported by GrassRoots Recycling 
Network (Athens, Georgia). 



"silverware," coincided with the emergence of the fast-food indus- 
try. The extraordinary growth of this sector helped ensure growth 
in the use of throwaway plates, cups, and eating utensils. These 
and other throwaways are routinely hauled by garbage trucks to 
landfills on a one-way trip through the economy. 

Even while wrestling with traditional throwaway products, the 
world is now facing a new disposal challenge in desktop comput- 
ers. Although they are not obsolescent by plan, the pace of innova- 
tion in the industry quickly makes them obsolete, giving the aver- 
age computer a life expectancy of less than two years. In contrast 
to refrigerators, which are relatively easy to recycle, computers con- 
tain a diverse array of materials, many of them toxic, including 
lead, mercury, and cadmium, that makes them difficult to recycle. 
This helps explain why only 11 percent of computers are recycled, 
compared with 70 percent of refrigerators. 10 

A study by the Silicon Valley Toxics Coalition estimated that 
between 1997 and 2004, some 315 million computers would be- 
come obsolete in the United States alone. With each computer con- 
taining nearly 4 pounds of lead, the United States is facing the need 
to deal with 1.2 billion pounds of lead. While the world has been 
quite successful in getting it out of paint and gasoline, lead is still 
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widely used in computers. Once in landfills, the lead can leach into 
aquifers and contaminate drinking water supplies. These same com- 
puters contain some 400,000 pounds of mercury and 2 million 
pounds of cadmium. 11 

Materials and the Environment 

The materials used in our modern economy fall into three catego- 
ries. The first is metals, including steel, aluminum, copper, zinc, 
and lead. The second category is nonmetallic minerals, such as stone, 
sand, gravel, limestone, and clay — materials that are used directly 
in the building of highways, roads, and buildings or in manufac- 
turing concrete. This group also includes three minerals — phos- 
phate, potash, and lime — that are used in agriculture to raise soil 
fertility. (See Table 6-2.) The final group of raw materials includes 
those of organic origin, such as wood from the forest sector and 
cotton, wool, and leather from agriculture. 12 



Table 6-2. World Production of Nonmetallic 
Minerals 



Mineral 


Production 




(million tons) 


Stone 


11,000 


Sand and gravel 


9,000 


Clays 


500 


Salt 


210 


Phosphate rock 


139 


Lime 


117 


Gypsum 


110 


Soda ash 


31 


Potash 


26 



Source: See endnote 12. 

In the nonmetallic category, stone at 11 billion tons produced 
per year and sand and gravel at 9 billion tons a year totally domi- 
nate other minerals. But stone, sand, and gravel are usually avail- 
able locally and do not involve long-distance transport. Used pri- 
marily for the construction of roads, parking lots, and buildings, 
these materials are chemically inert. Once stone or gravel is in place 
in a roadbed, it may last for generations or even centuries. 13 
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This chapter concentrates on metals because their mining and 
processing are so environmentally destructive and energy-intensive. 
Their production uses seemingly endless quantities of energy to 
remove earth to reach the ore, extract it, transport it to a smelter, 
and then process it into a pure metal. What's more, much of this 
energy comes from coal, which itself must be mined. Over time, as 
high-grade ores have been depleted, miners have shifted to lower- 
grade ores, inflicting progressively more environmental damage with 
each ton of metal produced. 14 

Ever since the Industrial Age began, steel production has been a 
basic indicator of industrialization and economic modernization. 
In the late twentieth century, the Soviet Union was the interna- 
tional steel giant. In the early 1990s, however, the breakdown of 
Soviet steel output paralleled the breakdown of the Soviet regime. 
Currently, China leads the world in steel production, followed by 
the United States and Japan. In quantity, the 833 million tons of 
raw steel produced each year (see Figure 6-1) dwarfs the use of all 
other metals combined. It compares with 24 million tons of alumi- 
num and 13 million tons of copper, the second and third ranking 
metals. While steel consists predominantly of iron, it is an alloy, 
and many of its attractive characteristics come from the addition 
of small quantities of other metals such as zinc, magnesium, and 
nickel. 15 

World steel production per person reached its historical high in 
1979 and has since dropped by 20 percent. The decline reflects a 
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Figure 6-1. World Steel Production, 1950-2000 
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shift to smaller cars, the partial collapse of the former Soviet 
economy, and a shift in the growth of advanced industrial econo- 
mies from heavy industry to services, especially information ser- 
vices. 16 

Every year, 1.4 billion tons of ore are mined worldwide to pro- 
duce steel primarily for automobiles, household appliances, and 
construction. A comparable quantity of ore is mined to produce 
13 million tons of copper. In an age when open pit mining has 
largely replaced underground mines, vast areas are physically dis- 
figured. The mine tailings are then left behind — often disrupting 
the flow of nearby streams and contaminating water supplies. Any- 
thing that reduces the use of steel, particularly that produced from 
virgin ore, markedly lightens the human footprint on the earth. 17 

Although aluminum production is quite small compared with 
steel, the 24 million tons produced annually greatly understate 
aluminum's role because it is such a light, low-density metal. Aus- 
tralia produces one third of the world's aluminum-containing baux- 
ite, with Guinea, Jamaica, and Brazil also contributing significantly 
to the world total. 18 

In the United States, well over half of all aluminum use is ac- 
counted for by the food packaging and transportation industries. 
For beverage containers, alternative materials such as glass can be 
used. However, aircraft, automobiles, and bicycles all currently rely 
heavily on aluminum. 19 

Much of the world's stock of aluminum, with its light weight 
and strength, is invested in the fleet of commercial planes. At any 
given time, a substantial fraction of the world's aluminum is actu- 
ally airborne. With air travel expanding at 6 percent a year, the 
investment of aluminum in aircraft is also expanding. 20 

Although the use of aluminum in aircraft is well established, the 
substitution of aluminum for steel in automobiles is more recent, 
spurred by rising fuel prices and the desire for better gasoline mile- 
age. Aluminum use in the average American automobile, for ex- 
ample, climbed from 87 kilograms in 1991 to 110 kilograms by 
the end of the decade. Although aluminum costs far more than 
steel, the lower weight of a vehicle with aluminum reduces fuel 
use, which over the lifetime of a car can more than offset the extra 
energy used to produce aluminum. 21 

Aluminum production exacts a heavy environmental toll as well, 
through both the mining and the smelting processes. Because alu- 
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minum typically occurs in thin layers of bauxite ore, extracting it 
by surface mining scars the landscape. For each ton of aluminum 
produced, a ton of "red mud" — a caustic brew of chemicals — is 
left after the bauxite is extracted. This red muck is left untreated in 
large, biologically lifeless ponds, eventually polluting both surface 
and underground water supplies. 22 

But most of the damage done by aluminum production comes 
from generating electricity to run the smelters. Worldwide, the alu- 
minum industry uses as much electric power as the entire conti- 
nent of Africa. In some cases, the electricity for aluminum smelting 
comes from coal-fired power plants, but often it comes from hy- 
droelectricity. Scores of dams have been built, particularly in re- 
mote regions, to produce cheap electricity to manufacture alumi- 
num. Governments eager to build indigenous industry in their 
countries compete with each other for aluminum smelters by sub- 
sidizing the cost of electricity. As a result, aluminum is one of the 
world's most heavily subsidized raw materials. 23 

Among the metals, gold is distinguished by two things — its 
minute production and vast environmental disruption. In 1991, 
producing a meager 2,445 tons of gold required the removal and 
processing of more than 741 million tons of ore — a mass equal to 
nearly two thirds of the iron ore used to produce 571 million tons 
of iron that year. (See Table 6-3.) The leading gold producer is 
South Africa. Other producers include Australia, Brazil, Russia, 
and the United States. Eighty-five percent of the gold mined goes 
into jewelry. 24 

Beginning in the nineteenth century, gold was used to guarantee 
the value of paper currencies. As a result, much of the world's gold 
is stored in the vaults of national banks. Once the United States 
moved off the gold standard in 1971, however, many countries 
followed suit, and some have since sold gold from their vaults, 
including Australia, the Bank of England, the Netherlands, and 
the Swiss National Bank. This means that gold is being transformed 
from the final barometer of the value of paper currency to just 
another commodity. The Economist observes that gold is "the spent 
fuel of an obsolete monetary system." 25 

In damage per ton of metal produced, nothing comes close to 
gold. Each ton of gold requires the processing of roughly 300,000 
tons of ore — the equivalent of a small mountain. Over the last de- 
cade, a new technique of processing gold ore, called cyanide heap 
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Metal Production and Ore Mined for Each Metal, 1991 



Ore Mined Per Ton 



Metal 


Production 


Ore Mined 


of Metal Produced 






(tons) 




Iron 


571,000,000 


1,428,000,000 


3 


Copper 


12,900,000 


1,418,000,000 


110 


Gold 


2,445 


741,000,000 


303,000 


Zinc 


8,000,000 


1,600,000,000 


200 


Lead 


2,980,000 


119,000,000 


40 


Aluminum 


23,900,000 


104,000,000 


4 


Manganese 


7,450,000 


25,000,000 


3 


Nickel 


1,230,000 


49,000,000 


40 


Tin 


200,000 


20,000,000 


100 


Tungsten 


31,500 


13,000,000 


400 



Source: U.S. Geological Survey; John E. Young, Mining the Earth (Washington, DC: 
Worldwatch Institute, July 1992); W.K. Fletcher, Department of Earth and Ocean 
Sciences, University of British Columbia 

leaching, has come into widespread use. Cyanide solution is leached 
through a pile of crushed ore, picking up bits of gold as it passes 
through. This reduces the cost of gold mining, but it leaves behind 
toxic waste. Cyanide is so toxic that the ingestion of a teaspoon of 
2 percent cyanide solution will lead to death within 40 seconds. 26 

In January 2000, a giant spill of 130 million liters of cyanide 
solution from a gold mine in Romania drained into the Tisza River, 
flowed through Hungary into Yugoslavia, merged with the Danube, 
and emptied into the Black Sea. The lethal solution from the Aus- 
tralian-operated mine left an estimated 1 million kilograms of dead 
fish in the Hungarian segment of the river alone. This cyanide spill, 
which left long stretches of river lifeless, has been called Europe's 
worst environmental disaster since Chernobyl. 27 

Cyanide spills have occurred in many countries. A similar inci- 
dent in 1992 in the Alamosa River, a tributary of the Colorado 
River in the United States, killed everything in a 17-mile stretch 
and left the state of Colorado with a $170-million cleanup bill 
after the company responsible declared bankruptcy. 28 

Another common mining technology uses mercury to extract 
gold from ore. Mercury accumulates in the environment, concen- 
trating as it moves up the food chain. It was discharges of mercury 
into Japan's Minamata Bay a generation ago that demonstrated 
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the brain damage and birth defects this heavy metal can cause. 29 

In the Amazon, gold miners release 200,000 pounds of mer- 
cury each year into the ecosystem, reports John Young. Although 
mercury levels in fish in the Amazon often exceed the levels for safe 
human consumption, people in the area have no alternative pro- 
tein source. One teaspoon of mercury in a 25-acre lake can render 
fish unsafe for human consumption. No one knows when the ef- 
fects of mercury intake will begin to show up as brain damage and 
birth defects in the Amazon, but we do know that they first ap- 
peared in Japanese infants roughly a decade after fertilizer plants 
began releasing mercury into Minamata Bay. 30 

Aside from the discharge of highly toxic cyanide and mercury 
into the ecosystem, gold mining is also a physically dangerous ac- 
tivity. In South Africa, where most of the gold comes from under- 
ground, death in the mines is routine, claiming one life for each ton 
of gold produced. 31 

Gold is not the only metal that is damaging the planet. The 
extraction of other metals, such as copper, lead, and zinc, also dis- 
figures the landscape and pollutes the environment. Reducing this 
destruction of the natural landscape and the pollution of air, water, 
and soil depends on designing a new materials economy, one where 
mining industries are largely replaced by recycling industries. 

The Earth's Toxic Burden 

No one knows exactly how many chemicals are manufactured to- 
day, but with the advent of synthetic chemicals, most of them or- 
ganic in nature, the number of chemicals in use has climbed over 
100,000. A random blood test of Americans will show measurable 
amounts of easily 200 chemicals that did not exist a century ago. 32 

A number of these chemicals are highly persistent and found in 
remote corners of the globe, far from their origin. Recent research 
at the Norwegian Polar Institute indicates that polar bears living 
within the Arctic Circle have high concentrations of persistent or- 
ganic pollutants (POPs) in their fatty tissue. One apparent conse- 
quence of the buildup of POPs, some of which are endocrine 
disruptors, is that 1.5 percent of all female bears have deformed 
sexual organs. 33 

Most of these new chemicals have not been tested for toxicity. 
Those that are known to be toxic are included in a list of 644 
chemicals whose discharge by industry into the environment must 
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be reported to the U.S. Environmental Protection Agency (EPA). 
The annual publication of EPA's Toxic Release Inventory (TRI) 
makes public some of the more dangerous chemicals being put into 
the air or water or simply buried underground. Although these 
detailed data for the United States, compiled from reports submit- 
ted by industrial, mining, and electrical generating firms, are not 
readily available for most other countries, they do provide some 
sense of the global situation. 34 

In 1999, some 7.8 billion pounds of toxic chemicals — 28 pounds 
for each person — were released into the U.S. environment. Metal 
mining accounted for 4 billion pounds and electrical generating 
facilities for 1.2 billion pounds. The primary metals industry, which 
refines metals and manufactures metal products ranging from steel 
plates to copper wire and aluminum cans, released 684 million 
pounds of toxic chemicals. Compounds containing copper, zinc, 
and arsenic accounted for nearly three fourths of all the toxic chemi- 
cals released from these industries. The chemical manufacturing 
industry was close behind, with 671 million pounds. Paper manu- 
facturing was third, with 226 million pounds of toxics released. 35 

For the electric utility sector, hydrochloric acid and sulfuric acid 
were among the leading toxics released. This does not include the 
emissions of sulfur dioxide and various nitrous oxides that inter- 
act with moisture in the atmosphere to form the sulfuric and nitric 
acid that damage respiratory systems and produce acid rain. While 
gold miners release an estimated 200,000 pounds of mercury into 
the Amazon ecosystem each year, coal-burning power plants re- 
lease over 100,000 pounds of mercury into the air in the United 
States. EPA reports that "mercury from power plants settles over 
waterways, polluting rivers and lakes and contaminating fish." The 
risks to human health, and particularly prenatal damage to ner- 
vous system development, have led to restrictions on fish consump- 
tion in an estimated 50,000 U.S. freshwater lakes, rivers, and ponds. 
The 35,000 pounds of mercury deposited in New England each 
year from coal-burning power plants led the region's six states to 
warn children and pregnant women to limit their consumption of 
freshwater fish. A report by the National Academy of Sciences for 
the United States as a whole indicates that 60,000 infants may face 
neurological damage from mercury exposure before birth. 36 

The Toxic Release Inventory, now accessible on the Internet, 
also provides information on a community-by-community basis, 
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arming local groups with data needed to evaluate the potential 
threats to their health and that of the environment. Since the TRI 
was inaugurated in 1988, toxic chemical emissions have declined 
steadily. 37 

Unfortunately, few other countries have instituted such com- 
prehensive reporting procedures. And the U.S. system still has some 
gaps, such as on pesticides, which are released into the environ- 
ment by farmers, homeowners, and golf course managers. 

Some chemicals that are used in large quantities are lethal even 
in small quantities. For example, swallowing one teaspoonful of 
arsenic leads to death in less than a minute. Exposure to varying 
levels of toxic chemicals and in various combinations can lead to 
birth defects, impaired immune systems, damage to the central ner- 
vous system (including mental retardation), respiratory illnesses, a 
disruption of endocrine systems and hormonal balances, and can- 
cer of almost every kind. 38 

Pollutants also damage the environment. Acid rain from sulfur 
dioxide emissions, for example, has damaged forests in industrial 
regions, including Europe, North America, and China. A 2000 
survey reports that one quarter of Europe's forests are damaged. A 
nickel smelter in Norilsk, Siberia, has killed all the trees in a 3,500- 
square-kilometer area. Thousands of lakes in the northern tier of 
industrial countries are now lifeless because of acidification from 
acid rain. 39 

In some countries, environmental pollutants have accumulated 
to the point where they are reducing life expectancy. In Russia, the 
combination of a breakdown in the health care system, a dramatic 
rise in poverty over the last decade, and some of the world's high- 
est pollution levels has helped reduce male life expectancy to less 
than 60 years. Horror stories of the health effects of uncontrolled 
industrial pollution in Russia are commonplace. For example, in 
the industrial town of Karabash in the foothills of the Ural Moun- 
tains, children routinely suffer from lead, arsenic, and cadmium 
poisoning. This translates into congenital defects, neurological dis- 
orders, and cancer. Pollutants also disrupt metabolic systems and 
impair immune systems. 40 

Developing countries, too, are beginning to suffer from uncon- 
trolled pollution. Payal Sampat of Worldwatch Institute writes that 
the largest city in the agricultural state of the Punjab in northern 
India, Ludiana, is now paying the price for industrial pollution. A 
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combination of industries, ranging from textiles to metal electro- 
plating, has left the underground water supply contaminated with 
cyanide, cadmium, and lead. The well water on which the city's 
residents depend is no longer safe to drink. Other cities in India, 
such as Jaipur, and in China, such as Shenyang, that once depended 
on local groundwater supplies must now also seek water from else- 
where. 41 

Scientists analyzing underground water pollution quickly point 
out that thus far we are seeing only the tip of the iceberg, because it 
takes time for water-soluble toxic chemicals to percolate through 
the soil and eventually pollute underground aquifers. The toxics in 
underground aquifers today may be the product of industrial ac- 
tivities from a generation ago. 42 

The dispersal of some toxics is relatively new. This is the case in 
Japan, for example, where the incineration of municipal waste is 
discharging dioxins into the air. Dioxins — which are so toxic that 
their presence is measured not in parts per million but in parts per 
billion — are a product of burning plastic. Tokyo has become the 
dioxin capital of the world. Although Japan's emissions of dioxin, 
the highest of any country, total only 4 kilograms per year, they are 
at a level that could cause cancer or other maladies. 43 

One of the big challenges the world now faces is how to detoxify 
the earth. How do we make the air safe to breathe, the water safe 
to drink, and the soil safe for producing food? One important step 
was taken in December 2000 when delegates from 122 countries 
meeting in Stockholm approved a landmark agreement banning 
12 of the most toxic chemicals now in use. These 12 persistent 
organic pollutants included pesticides, such as DDT, aldrin, en- 
drin, chlordane, and dieldrin, as well as industrial chemicals like 
hexachlorbenzene and PCBs. Once 50 countries ratify the treaty, a 
process expected to take at least three years, then implementation 
will begin. Swedish Prime Minister Goeran Persson observed, "Dan- 
gerous substances do not respect international or national borders. 
They can only be fought with common strategies." Most countries 
have already banned the use of lead in gasoline, a common source 
of mental retardation in children. 44 

If we restructure the energy economy to stabilize climate (see 
Chapter 5), then the burning of coal for electrical generation — the 
source of the mercury that is making fish unsafe for human con- 
sumption, and the hydrochloric and sulfuric acids that are destroy- 
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ing forests and impairing respiratory systems — will largely disap- 
pear. 

If recycling industries replace mining industries, the flow of pol- 
lutants will be greatly reduced. If countries ban the use of nonre- 
fillable beverage containers, as Denmark and Finland have done, 
then both the amount of energy and the materials used in manu- 
facturing beverage containers will be sharply reduced. In building 
an eco-economy, many of the goals are mutually reinforcing. 45 

The Role of Recycling 

As the economy metabolizes more and more metals and other raw 
materials, the damage mounts. Although recycling is typically jus- 
tified as an economically attractive alternative to rising landfill costs, 
it also greatly reduces ecosystem damage. 

As noted earlier, steel, copper, gold, and aluminum mining and 
processing account for much of the carbon emissions, pollutants, 
and landscape devastation associated with the materials economy. 
For recycling, the three materials to focus on are steel, copper, and 
aluminum, since the high value of gold virtually ensures that it is 
not discarded. 

In terms of recycling potential, steel — with world output of 833 
million tons per year — leads the list. Long a measure of industrial- 
ization, steel use is dominated by a few manufacturing industries, 
importantly automobiles and household appliances, and by the 
construction industry. Among the various products using steel in 
the United States, the highest rate of recycling is for automobiles. 
Cars today are simply too valuable to be left to rust in out-of-the- 
way junkyards. In the United States, nearly all discarded automo- 
biles are recycled. 46 

The recycling rate for household appliances is estimated at 77 
percent. For the construction industry, the recycling of steel beams 
and plates is even higher, some 95 percent; the steel used in rein- 
forcing rods embedded in concrete, however, is not so easily re- 
cycled. For these and other construction uses, the recycling rate is 
45 percent, according to the Steel Recycling Institute. For steel cans, 
the U.S. recycling rate in 1999 of 58 percent can be traced in part 
to municipal recycling campaigns launched in the late 1980s. 47 

In the United States, roughly 58 percent of all steel produced in 
1999 was from scrap, leaving 42 percent to be produced from vir- 
gin ore. (See Figure 6-2.) Steel recycling started climbing more than 
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Figure 6-2. Recycled Content of Steel 
in the United States, 1984-99 



a generation ago with the advent of the electric arc furnace, a highly 
efficient method of producing steel from scrap. Steel produced from 
scrap uses only one third as much energy as that produced from 
virgin ore. And since it does not require any mining of ore, it com- 
pletely eliminates one source of environmental disruption. In the 
United States, Italy, and Spain, electric arc furnaces now account 
for half or more of all steel production. Over the last two decades, 
the U.S. steel industry has shifted from using largely virgin ore to 
feeding primarily on scrap metal. 48 

It is easier for countries with mature industrial economies and 
stable populations to get most of their steel from recycled scrap 
than it is for developing countries, simply because the stock of steel 
embedded in the economy is essentially fixed. The number of house- 
hold appliances, the fleet of automobiles, and the stock of build- 
ings is increasing little or none. In countries in the early stages of 
industrialization, however, the creation of infrastructure — whether 
factories, bridges, high-rise buildings, or transportation, including 
automobiles, buses, and rail cars — leaves little steel for recycling. 

As the U.S. steel industry has shifted to primary reliance on scrap, 
its geographic distribution has shifted. Once concentrated in west- 
ern Pennsylvania, where there was an abundance of both iron ore 
and coal, the modern industry that uses electric arc minimills feed- 
ing on scrap is widely scattered across the country, in North Caro- 
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lina, Nebraska, and Texas, for example. Minimills supply steel to 
local industries, enabling local communities to rely primarily on 
steel already in the system. 49 

The other metal with a pervasive environmental effect is alumi- 
num. Some aluminum products are easily recycled. Others are not. 
For example, within the food industry, the aluminum foil used to 
package prepared frozen meals is not readily recycled. Aluminum 
beverage cans, by contrast, are much easier to take care of. In the 
United States, some 64 billion of the 102 billion aluminum cans 
used in 1998 were recycled. Yet this recycling rate of 63 percent is 
low compared with some other countries. In Japan, the current 
leader, 79 percent of aluminum beverage cans are recycled. Brazil 
is close behind, with 77 percent. In Japan, aluminum recycling is 
being driven by a scarcity of sites for garbage, whereas in many 
developing countries it is being driven by widespread unemploy- 
ment. 50 

In Brazil, where unemployment is high, the recycling of alumi- 
num beverage cans has become a major source of employment. An 
estimated 150,000 Brazilians make a living by collecting used bev- 
erage cans and taking them to recycling centers, earning $200 a 
month, compared with the minimum wage of $81 a month. Forty- 
five used cans can be traded for 1 kilogram of black beans, and 35 
cans for a kilogram of rice. The system that has evolved in Brazil 
for recycling aluminum cans now employs more people than the 
automotive industry does. 51 

Despite the high recycling rate for cans, the overall aluminum 
recycling rate worldwide is not high. In the United States, the scrap 
share of aluminum production in 1998 was 33 percent. Roughly 
half of this was from scrap generated at the plants where various 
aluminum products are manufactured. Thus the amount recycled 
from consumer products containing aluminum was quite small. 
One reason for this is that investing aluminum in cars and air- 
planes is relatively recent, thus restricting the amount currently 
available for recycling. In contrast to worldwide steel use, which 
has increased little since 1973, aluminum production is still ris- 
ing. 52 

The encouraging news is that the recycling of both steel and 
aluminum is increasing. The discouraging news is that neither is 
doing so fast enough. Far too much aluminum and steel end up in 
landfills. 
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As noted earlier, in the eco-economy societies will rely heavily 
on raw materials already in the system. For example, in the small, 
densely populated state of New Jersey, there are eight steel minimills 
that rely almost exclusively on scrap and 13 paper mills that use 
only waste paper. Collectively, these steel mills and paper plants 
market more than $1 billion worth of products each year, provid- 
ing both local jobs and tax revenues. Ironically, these thriving steel 
and paper mills exist in a state that has no iron mines and little 
forested area. 53 

In an eco-economy, electric arc steel minimills that efficiently 
convert scrap steel into finished steel will largely replace iron mines. 
Advanced industrial economies will come to rely primarily on the 
stock of materials already in the economy rather than on virgin 
raw materials. For metals such as steel and aluminum, the losses 
through use will be minimal. With the appropriate policies, metal — 
once it is invested in the economy — can be used indefinitely. 

Redesigning the Materials Economy 

In nature, one-way linear flows do not long survive. Nor, by exten- 
sion, can they long survive in the human economy that is a part of 
the earth's ecosystem. The challenge is to redesign the materials 
economy so that it is compatible with the ecosystem. This initiative 
has several components. It includes designing products so that they 
can be easily disassembled and recycled, redesigning industrial pro- 
cesses to eliminate waste generation, banning the use of throw- 
away beverage containers, using government purchases to expand 
the market for recycled materials, developing and using technolo- 
gies that require less material, banning gold mining or at least its 
use of cyanide solution and mercury, adopting a landfill tax, and 
eliminating subsidies for environmentally destructive activities. 

Some countries are adopting these measures. Germany and re- 
cently Japan have begun to require that products such as automo- 
biles, household appliances, and office equipment be designed so 
that they can be easily disassembled and recycled. In May of 2001, 
the Japanese Diet enacted a tough appliance recycling law, one that 
prohibits discarding household appliances, such as washing ma- 
chines, televisions, or air conditioners. With consumers bearing the 
cost of disassembling appliances in the form of a disposal fee to 
recycling firms, which can come to $60 for a refrigerator or $35 
for a washing machine, the pressure to design appliances so they 
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can be more easily and cheaply disassembled is strong. 54 

With computers becoming obsolete often within a couple of 
years as technology advances, the need to be able to quickly disas- 
semble and recycle computers is a paramount challenge in building 
an eco-economy. 

Another policy initiative that can greatly reduce materials use is 
the banning of one-way beverage containers, something that Den- 
mark and Finland have both done. Denmark, for example, banned 
one-way soft drink containers in 1977 and beer containers in 1981. 
Canada's Prince Edward Island has adopted a similar ban on one- 
way containers. The result in all three cases has been dramatically 
reduced flows of garbage to landfills. 55 

The environmental costs of beverage containers vary widely. A 
refillable glass bottle requires less than one fifth as much energy as 
a recycled aluminum beverage container, assuming the bottle is re- 
filled 15 times, which may be a conservative estimate. 56 

There are also large transport savings, since the containers are 
simply back-hauled to the original soft drink bottling plants or 
breweries. If nonrefillable containers are used, whether glass or 
aluminum, and they are recycled, then they must be transported to 
a factory where they can be melted down and refashioned into 
containers and transported back to the bottling plant or brewery. 

Another area of potential reduction in materials use is the trans- 
portation sector. As cities redesign urban transport systems to bet- 
ter achieve social goals of increased individual mobility, clean air, 
less traffic congestion and frustration, and more opportunities for 
exercise, the use of cars will decline accordingly. (See Chapter 9.) 

Even more fundamental than the design of products is the rede- 
sign of manufacturing processes to eliminate the discharge of pol- 
lutants entirely. Many of today's manufacturing processes evolved 
at a time when the economy was much smaller and when the vol- 
ume of pollutants did not threaten to overwhelm the ecosystem. 
More and more companies are now realizing that this cannot con- 
tinue and some, such as Dupont, have adopted zero emissions as a 
goal. 57 

Another way to reduce waste is to systematically cluster facto- 
ries so that the waste from one process can be used as the raw 
material for another. NEC, the large Japanese electronics firm, is 
one of the first multinationals to adopt this approach for its vari- 
ous production facilities. In effect, industrial parks are being de- 
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signed by corporations and by governments specifically to com- 
bine factories that have usable waste products. Now in industry, as 
in nature, one firm's waste becomes another's sustenance. 58 

Market incentives to recycle can be generated by government 
procurement policies. For example, when the Clinton administra- 
tion issued an Executive Order in 1993 requiring that all paper 
purchased for government agencies contain 20 percent or more 
post-consumer waste by 1995 (increasing to 25 percent by 2000), 
it created a strong incentive for paper manufacturers to incorpo- 
rate wastepaper in their manufacturing process. Since the U.S. gov- 
ernment is the world's largest paper buyer, this provided a bur- 
geoning market for recycled paper. 59 

A number of state governments achieved a similar goal by set- 
ting minimum recycled content standards for newsprint, reports 
John Young. He notes that the number of newsprint recycling plants 
in North America increased from 9 in 1988 to 29 in 1994. This 
created a market for recycled newspapers, converting them from 
an economic liability into an asset, something that could be sold. 60 

Dematerialization of the economy is facilitated by new tech- 
nologies that are less material-dependent. Cellular phones, which 
rely on widely dispersed towers or on satellites for signal transmis- 
sion, account for most of the growth in telephone use in develop- 
ing countries. These nations will not need to invest in millions of 
miles of copper wires, as the industrial countries did. As recently as 
1990, cellular phones were rare. But in 1996, cellular phone sales 
of 51 million overtook the 47 million new phones linked by wire. 
By 1999, cellular phone sales at 172 million nearly tripled the 63 
million sales of fixed-line phones. There were 491 million cell 
phones in use by then, compared with 907 million traditional ones. 
By 2005, the number of cellular phones in use will probably ex- 
ceed the number of telephones linked by wire. 61 

The new technology has arrived on the scene just in time for 
developing countries, such as China and India, which have few of 
the traditional linked telephones. Within just a few years, China 
has overtaken Japan in the number of cellular phone subscribers, 
trailing only the United States. We can now look forward to a world 
population linked by a phone network that does not require mil- 
lions of tons of copper wire. 62 

Efforts to reduce materials use to date have been rather modest, 
consisting largely of recycling programs. In 1992, a group called 
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the Factor 10 Institute was organized in France under the leader- 
ship of Friedrich Schmidt-Bleeck. Its goal is to increase resource 
productivity by a factor of 10, which they believe is well within the 
reach of existing technology and management, given the appropri- 
ate policy incentives. They recognize that increasing resource pro- 
ductivity by 10-fold — that is, reducing materials use by 90 per- 
cent — would "constitute a radical change from the traditional 
assumption that a healthy economy is one that uses increasing 
amounts of energy, materials, and resources to produce more goods, 
more jobs, and more income." Some reductions could be even 
greater; for example, replacing automobiles with bicycles to in- 
crease mobility in congested cities could lower materials use by 
more than 90 percent. 63 

Although relatively little attention is paid to the building con- 
struction industry, it is a leading user of material, including steel 
and cement. Simple measures like increasing the longevity of build- 
ings can greatly reduce the use of these materials and of the energy 
used in their manufacture. 

The brief review of gold mining in this chapter raises questions 
about whether the social benefits of gold mining exceed the eco- 
logical costs. Some 85 percent of all the gold mined each year is 
used to produce jewelry that is worn as a status symbol, often a 
way of displaying wealth by a tiny minority of the world's people. 

Turkish environmentalist Birsel Lempke, a recipient of the Right 
Livelihood Award (often called the alternative Nobel), also ques- 
tions the future of gold mining. As analyses provide more informa- 
tion on the ecological costs of goal mining, they raise serious doubts 
as to whether it is worth turning large areas into what Lempke 
calls "a lunar landscape." She indicates she is not against gold per 
se, but against the deadly chemicals, such as cyanide and mercury, 
that are released into the earth's ecosystem in processing the gold 
ore. 64 

If the costs to society of gold mining outweigh the benefits, then 
the question is how best to phase out gold mining. One way would 
be to put a tax on gold that would reflect the environmental costs 
to society, including the landscape disruption of processing over 
700 million tons of ore annually, plus the cost to society of mer- 
cury and cyanide pollution. Such a tax would likely raise the price 
of gold several times. Another approach would be to simply nego- 
tiate an international ban on the use of cyanide and mercury in 
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gold mining, much as the international community has recently 
banned use of a dozen toxic chemicals. Either policy approach could 
be used. Regardless of which one prevails, both current and future 
generations would be the beneficiaries. 65 

Another industry whose value to society is being questioned by 
the environmental community is the bottled water industry. The 
World Wide Fund for Nature (WWF), an organization with 5.2 
million members, released a study in April 2001 urging consumers 
to forgo bottled water, observing that it was no safer or healthier 
than tap water, even though it can cost 1,000 times as much. 66 

WWF notes that in the United States and Europe there are more 
standards regulating tap water quality than that of bottled water. 
Although clever marketing in industrial countries has convinced 
many consumers that bottled water is healthier, the WWF study 
could not find any support for this claim. For those living where 
water is unsafe, as in some Third World cities, it is far cheaper to 
boil or filter water than to buy it in bottles. 67 

Phasing out the use of bottled water would eliminate the need 
for the fleets of trucks that haul the water and distribute it. This in 
turn would reduce the materials needed to manufacture the trucks 
as well as the traffic congestion, air pollution, and rising carbon 
dioxide levels associated with their operation. 68 

One of the most environmentally productive policy initiatives 
would be to eliminate subsidies that encourage the use of raw ma- 
terials. Nowhere are these greater than in the electricity sector. In 
France, for example, the state-owned aluminum company gets elec- 
tricity at the heavily subsidized rate of 1.5 i per kilowatt-hour, while 
other industries pay 60 and residential users pay close to 120. In 
Canada, the government of Quebec also offers the aluminum in- 
dustry electricity at 1.50 per kilowatt-hour. Without this huge sub- 
sidy, the industry probably could not profitably manufacture non- 
refillable beverage containers. This subsidy to aluminum indirectly 
subsidizes transportation, including both airlines and automobiles, 
thus encouraging travel, an energy-intensive activity. 69 

The most pervasive policy initiative to dematerialize the economy 
is the proposed tax on the burning of fossil fuels, a tax that would 
reflect the full cost to society of mining coal and pumping oil, of 
the air pollution associated with their use, and of climate disrup- 
tion. A carbon emissions tax will lead to a more realistic price for 
energy, one that will permeate the energy-intensive materials 
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economy and reduce materials use. 

The challenge in building an eco-economy materials sector is to 
ensure that the market is sending honest signals. In the words of 
Ernst von Weizsacker, an environmentalist and leader in the Ger- 
man Bundestag, "The challenge is to get the market to tell the eco- 
logical truth. " To help the market to tell the truth, for example, we 
need not only a carbon tax, but also a landfill tax so that those 
generating the garbage pay the full cost of getting rid of it and of 
managing the landfill and its potentially toxic waste flows in per- 
petuity. 70 
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In November 1965, U.S. Secretary of Agriculture Orville Freeman 
asked if I would draft a plan to get India's agriculture moving. The 
monsoon had failed that summer, leaving India to face a potential 
famine of historic proportions. India had been neglecting its agri- 
culture in favor of industrial development and had no grain re- 
serves. As one official in New Delhi put it, "Our reserves are in the 
grain elevators in Kansas." 

President Lyndon Johnson was concerned, because he knew that 
the United States could not feed India's growing population over 
the long term. He wanted a plan for India to develop its agriculture 
and an agreement that India would implement the plan promptly 
in exchange for massive food relief. Since I was working as an Asian 
agricultural analyst in the U.S. Department of Agriculture and was 
familiar with India, having spent part of 1956 living in villages 
there, I was chosen to draft the plan. 

The key steps for India to take were straightforward. The first 
was to shift from an urban-oriented policy of ceiling prices for 
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grain that discouraged investment in agriculture to a rural-oriented 
policy of support prices that would encourage farmers to invest in 
improving their land and other output-expanding measures. The 
second step was to move the fertilizer industry out of the govern- 
ment sector, where it took up to nine years to build a fertilizer 
plant, into the private sector, where plants could be built in two 
years. The third was to harness the abundant underground water 
resources for irrigation. The fourth was to disseminate quickly the 
high-yielding wheats that had already been tested and approved 
for use in India. 

During the year following signature of the agreement, the United 
States shipped a fifth of its wheat crop to India to offset the poor 
harvest. Two ships left U.S. ports each day laden with grain for 
India — part of the largest movement of grain between two coun- 
tries in history. Between 1965 and 1973, India doubled its wheat 
harvest, a record gain for a major country. The agricultural plan 
succeeded beyond our hopes as India became self-sufficient in grain. 1 

The plan I drafted in November 1965 was not difficult. Any 
number of people could have come up with such a scheme because 
the needed steps were so obvious. Today, however, with its popula- 
tion projected to grow by 563 million by 2050, India is facing a far 
more complex challenge. Achieving a humane balance between food 
and people may now depend more on the success of family plan- 
ners in accelerating the shift to smaller families than on farmers. In 
India, as in the world as a whole, soil erosion, aquifer depletion, 
and climate change are the principal threats to the sustainability of 
agriculture, to building the food sector of an eco-economy. 2 

Expanding food production to feed the world's growing num- 
bers will be far more difficult during this half -century than it was 
over the last. During the last half of the twentieth century, the world's 
farmers nearly tripled grain production, boosting it from 631 mil- 
lion tons in 1950 to 1,835 million tons in 2000. This half-century 
gain was nearly double that from the beginning of agriculture, some 
11,000 years ago, until 1950. 3 

Impressive though this achievement was, most of the progress 
was cancelled by population growth. Today, 1.1 billion of the 
world's 6.1 billion people are still undernourished and underweight. 
Hunger and the fear of starvation quite literally shape their lives. 4 

Eradicating the hunger that exists today and feeding those to be 
added tomorrow is a worthy challenge, one made all the more dif- 
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ficult because two of the world's three food systems — rangelands 
and oceanic fisheries — are already being pushed to or even beyond 
their sustainable yields. The output of croplands has not yet reached 
its limit, but the rise in cropland productivity has slowed over the 
last decade. 

In its most basic form, hunger is a productivity problem. Typi- 
cally people are hungry because they do not produce enough food 
to meet their needs or because they do not earn enough money to 
buy it. The only lasting solution is to raise their productivity — a 
task complicated by the ongoing shrinkage in both the cropland 
area and irrigation water per person in developing countries. 

A Status Report 

As noted, 1.1 billion people are undernourished and underweight. 
The meshing of this number with a World Bank estimate of 1.3 
billion living in poverty, defined as those living on $1 a day or less, 
comes as no surprise. Poverty and hunger go hand in hand. 5 

Gains in eradicating hunger in East Asia and Latin America leave 
most of those who are still hungry concentrated in the Indian sub- 
continent and sub-Saharan Africa. In these regions, most of the 
hungry live in the countryside. The World Bank reports that 72 
percent of the world's 1.3 billion poor live in rural areas. Most of 
them are undernourished, sentenced to a short life. These rural 
poor usually live not on the productive irrigated plains but on the 
semiarid/arid fringes of agriculture or in the upper reaches of wa- 
tersheds on highly erodible, steeply sloped land. Eradicating hun- 
ger depends on stabilizing these fragile ecosystems. 6 

Demographically, most of the world's poor live in countries with 
rapidly growing populations, where poverty and population growth 
are reinforcing each other. The Indian subcontinent, for example, 
is adding 21 million people a year, the equivalent of another Aus- 
tralia. By mid-century, the population of this region — already the 
hungriest on earth — is expected to include another 900 million 
people. 7 

No single factor bears so directly on the prospect of eradicating 
hunger in this region as population growth. In rural societies, when 
a farm passes from one generation to the next, it is typically subdi- 
vided among the children. With the second generation of rapid 
population growth and subsequent land fragmentation, farms are 
shrinking to the point where they can no longer support the people 
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living on them. 

Between 1970 and 1990, the number of farms in India with less 
than 2 hectares (5 acres) of land increased from 49 million to 82 
million. Assuming that this trend has continued since then, India 
now has more than 90 million farms of less than 2 hectares. If each 
family has six members, then 540 million people — over half of 
India's population — are trapped in a precarious balance with the 
land. 8 

In Bangladesh, average farm size has already fallen below 1 hect- 
are. According to one study, Bangladesh's "strong tradition of be- 
queathing land in fixed proportions to all male and female heirs 
has led to increasing landlessness and extreme fragmentation of 
agricultural holdings." In addition to the millions who are now 
landless, millions more have plots so small that they are effectively 
landless. 9 

Africa, with the world's fastest population growth, is facing a 
similar reduction in cropland per person. For example, as Nigeria's 
population goes from 114 million today to a projected 278 million 
in 2050, its per capita grainland — most of it semiarid and 
unirrigated — will shrink from 0.15 hectares to 0.06 hectares. 
Nigeria's food prospect, if it stays on this population trajectory, is 
not promising. 10 

Further complicating efforts to expand food production are 
water shortages. As noted earlier, almost all of the 3.2 billion people 
to be added to world population in the next 50 years will be born 
in countries already facing water shortages, such as India, Paki- 
stan, and those in the Middle East and semiarid Africa. In India, 
water tables are already falling in large areas as demand exceeds 
the sustainable yield of aquifers. For many countries facing water 
scarcity, trying to eradicate hunger while population continues to 
grow rapidly is like trying to walk up a down escalator. 11 

Even as the world faces the prospect of adding 80 million people 
a year over the next two decades, expanding food production is 
becoming more difficult. In each of the three food systems — crop- 
lands, rangelands, and oceanic fisheries — output expanded dramati- 
cally during most of the twentieth century's last half. Now this is 
changing. 

Between 1950 and 2000, as noted earlier, world production of 
grain nearly tripled. Production per person climbed nearly 40 per- 
cent as growth in the grain harvest outstripped that of population. 
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The rising tide of grain production improved nutrition for much of 
humanity, but after 1984 growth in production slowed, falling 
behind that of population. By 2000, production per person had 
dropped 11 percent from the peak. (See Table 7-1.) The decline is 
concentrated in Africa, where rapid population growth has simply 
outrun grain production, and in the former Soviet Union, where 
the economy has shrunk by half since 1990 and living standards 
have deteriorated. 12 



Table 7-1. World Production Per Person of Grain, Beef and Mutton, 
and Seafood, 1950-2000 

Growth Decline 
Food Period Growth Period Decline 



Grain 

Beef and Mutton 
Seafood 



1950-84 
1950-72 
1950-88 



(percent) 

+ 38 
+ 44 
+112 



1984-2000 
1972-2000 
1988-98 



(percent) 

- 11 

- 15 

- 17 



Source: See endnote 12. 

Roughly 1.2 billion tons of the world grain harvest are con- 
sumed directly as food, with most of the remaining 635 million 
tons (36 percent) consumed indirectly in livestock, poultry, and 
aquacultural products. The share of total grain used for feed varies 
widely among the "big three" food producers — ranging from a 
low of 4 percent in India to 25 percent in China and 65 percent in 
the United States. 13 

Over the last half-century, the soaring world demand for ani- 
mal protein was satisfied largely by expanding the output of meat 
from rangelands and of seafood from oceanic fisheries. World pro- 
duction of beef and mutton increased from 24 million tons in 1950 
to 65 million tons in 2000, a near tripling. Most of the growth, 
however, occurred from 1950 to 1972, when output went up 44 
percent. Since 1972, beef and mutton production per person has 
fallen by 15 percent. 14 

An estimated four fifths of the beef and mutton produced world- 
wide in 2000, roughly 52 million tons, comes from animals that 
forage on rangelands. With the world's rangelands now being grazed 
at or beyond capacity, future gains in output will likely be lim- 
ited. 15 
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The growth in the oceanic fish catch exceeded even that of beef 
and mutton, climbing from 19 million tons in 1950 to 86 million 
tons in 1998, the last year for which data are available. This four- 
fold growth was also concentrated in 1950-88, a time during which 
the annual growth in the catch — at 3.8 percent — was easily double 
that of world population. As a result, the oceanic fish catch per 
person climbed from 8 kilograms in 1950 to 17 kilograms in 1988. 
Since then, it has fallen by some 17 percent. The new reality is that 
fishers and ranchers can no longer satisfy much of the growing 
demand for food. For the first time since civilization began, farm- 
ers must try to meet future food needs on their own. 16 

Raising Cropland Productivity 

In a world where there is little new land to plow, raising the pro- 
ductivity of existing cropland is the key to feeding the 80 million 
people added each year. It is also essential for protecting the earth's 
ecosystem. If farmers had not been able to nearly triple land pro- 
ductivity since 1950, it would have been necessary to clear half of 
the world's remaining forestland for food production. 

There are at least three ways of raising cropland productivity: 
raise the yield per crop, increase the number of crops per year 
through multiple cropping, and get more out of the existing har- 
vest by "processing" crop residues through ruminants to produce 
meat and milk. 

Raising world cropland productivity is becoming progressively 
more difficult. Over the last century or so, plant breeders dramati- 
cally boosted the genetic yield potential of wheat, rice, and corn — 
the leading grains. At the heart of this effort was an increase in the 
share of the plant's photosynthate, the product of photosynthesis, 
going to the seed. While the originally domesticated wheats did 
not use much more than 20 percent of their photosynthate to pro- 
duce seed, today's highly productive varieties devote half or more 
to seed formation. The theoretical upper limit is estimated at 60 
percent since the plant's roots, stem, and leaves also require photo- 
synthate. 17 

Realizing the genetic potential of the new seeds depends on alle- 
viating any nutrient or moisture constraints on yields. Fertilizers are 
designed to remove the limits imposed by nutrient deficiencies. As 
cities have grown over the past century, there has been a massive 
disruption of the nutrient cycle, making it more difficult to return 
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the nutrients in human waste to the land, and leaving the world ever 
more dependent on fertilizer. In earlier times, when food was pro- 
duced and consumed locally, nutrients were automatically recycled 
back onto the land in the form of livestock and human waste. But as 
cities developed, as the world shifted from a subsistence economy to 
a market economy, and as international trade expanded, farmers 
offset the growing loss of nutrients with fertilizer. 

As world fertilizer use climbed from 14 million tons in 1950 to 
141 million tons in 2000, in some countries it began to press against 
the physiological limits of plants to absorb nutrients. In response, 
fertilizer use has leveled off in the United States, Western Europe, 
Japan, and now possibly China. In these countries, applying addi- 
tional nutrients has little effect on production. Some parts of the 
world, such as the Indian subcontinent and Latin America, can 
still profitably use additional fertilizer. But for the world as a whole, 
the rapid growth in fertilizer use — the engine that helped triple the 
world grain harvest since 1950 — is now history. 18 

Where fertilizer use is excessive, nutrient runoff into rivers and 
oceans can lead to algal blooms that then use up all available oxy- 
gen in the water as the algae decompose, creating dead zones with 
no sea life. Food output on land is expanding in part at the ex- 
pense of that from the oceans. 19 

The accumulation of nitrates in underground water supplies in 
Western Europe led to European Union regulations to restrict fer- 
tilizer use. In Denmark, farmers are required to compile an annual 
nitrogen balance for the application and crop use of nitrogen. If 
this balance, submitted to the government each year, shows exces- 
sive runoff, farmers can be fined. The state of Iowa, concerned 
about nitrogen in underground water, levied a tax on fertilizer to 
discourage its excessive use. 20 

Just as fertilizer removes nutrient constraints on production, 
irrigation can remove moisture constraints, enabling plants to real- 
ize their full genetic potential. In some cases, irrigation simply boosts 
land productivity, but in others it permits dry season cropping or 
an expansion of cropping onto arid land. 

While the world as a whole has nearly tripled land productivity 
since 1950, some countries have done even better. Over the last 
half-century, China, France, the United Kingdom, and Mexico have 
quadrupled wheat yield per hectare. India has nearly done the same. 
And the United States has quadrupled its corn yield. 21 
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For several decades scientists generated a steady flow of new 
technologies designed to raise land productivity, but this flow is 
now ebbing. In some countries, farmers are now literally looking 
over the shoulder of scientists at agricultural experiment stations. 
In countries where yields have already tripled or quadrupled, it is 
becoming difficult for farmers to continue raising yields. For ex- 
ample, wheat yields in the United States have increased little since 
1983. Rice yields in Japan have risen little since 1984. 22 

Even some developing countries are now experiencing a pla- 
teauing of grain yields. Between 1961 and 1977, rice yields in South 
Korea increased nearly 60 percent, but during the quarter-century 
since they have risen by only 1 percent. Similarly, wheat yields in 
Mexico climbed from 0.9 tons per hectare in 1950 to 4.4 tons in 
1982, a rise of nearly fivefold. Since then there has been little change. 
(See Figure 7-1.) As the rise in land productivity levels off in more 
and more countries, expanding global grain output will become 
progressively more difficult. 23 

Over the last half-century, the world's farmers nearly tripled land 
productivity, but now future gains in productivity are more diffi- 
cult to come by. Farmers managed to double the 1950 grain yield 
of 1 ton per hectare by 1982, when they surpassed 2 tons. By 2000 
they were at 2.8 tons, close to a tripling of the 1950 yield. But the 
rise in yields is slowing. 24 

Raising crop yields is primarily a biological challenge, not un- 




Figure 7-1 . Wheat Yield Per Hectare 
in Mexico, 1950-2000 
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like increasing athletic performances. Somewhere in antiquity, some- 
one ran a mile in less than six minutes. Well before the first mod- 
ern-day Olympics, held in 1896, runners were covering a mile in 
under five minutes. In 1954, Roger Bannister broke the four-minute 
barrier. A half-century has passed since then, but no one talks about 
running a three-minute mile. We have reached the point where cut- 
ting another minute from our mile time may be physiologically 
impossible. 25 

We are faced with a similar situation with grain yields. For the 
world's farmers, going from an average of 1 ton per hectare to 2 
was easy. Getting from 2 tons to nearly 3, where we are now, was 
much more difficult. For the world to move from 3 to 4 tons per 
hectare may be almost as difficult as going from a four-minute to a 
three-minute mile. If so, family planners will be under a lot of pres- 
sure to slow population growth. 

For the world as a whole, the rise in land productivity has slowed 
markedly since 1990. From 1950 until then, world grain yield per 
hectare rose 2.1 percent a year. Between 1990 and 2000, however, 
the annual gain was only 1.1 percent. (See Table 7-2.) 

Biotechnology is often cited as a potential source of higher yields, 
but although biotechnologists have been engineering new plant 
varieties for two decades, they have yet to produce a single variety 
of wheat, rice, or corn that can dramatically raise yields. The rea- 
son is that conventional plant breeders had already done most of 
the things they could think of to raise grain yields. Biotechnology's 
contributions are more likely to come in developing crop varieties 
that reduce insecticide use, are more drought-tolerant, or are more 
salt-tolerant. If genetic engineers can breed salt-tolerant varieties, it 
would alleviate water shortages. Perhaps the largest question hang- 
Table 7-2. Gains in World Grain Yield Per Hectare, 1950-2000 

Year Yield Per Hectare 1 Annual Increase 

(tons) (percent) 



Source: USD A, Production, Supply, and Distribution, electronic database, Washington, 
DC, updated May 2001. 



1950 
1990 
2000 



1.06 
2.47 
2.75 



2.1 
1.1 



Yield for 1990 is three-year average. 
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ing over the future of biotechnology is the possible long-term envi- 
ronmental and human health effects of using genetically modified 
crops. 

Land productivity can also be raised by increasing the number 
of crops per year, where temperature and soil moisture permit. In 
China, for instance, double cropping winter wheat and corn is wide- 
spread, enabling farmers in the North China Plain to harvest two 
high-yielding grain crops each year. In northern India, the double 
cropping of winter wheat and summer rice is now commonplace, a 
key to sustaining India's population of 1 billion. Argentina and the 
United States both double crop winter wheat with a summer crop 
of soybeans. 26 

Although the United States occupies a latitude similar to that of 
China, double cropping is not nearly as common, partly because 
until recently farmers' eligibility for government support prices 
depended on restricting the area planted, which discouraged mul- 
tiple cropping. While there was surplus land, there was little rea- 
son to seriously consider double cropping or to develop the tech- 
nologies that would facilitate it. 

At present, roughly 10 percent of the 30-million-hectare U.S. 
soybean crop is double-cropped with winter wheat. If world food 
supplies tighten, this area could be expanded substantially, provid- 
ing a strategic assist in increasing the food supply. 27 

Raising cropland productivity is the key to saving the world's 
remaining forests. If the world's farmers cannot raise land produc- 
tivity enough to satisfy the future growth in demand for food, then 
further clearing of forests for agriculture will be unavoidable. 

Raising Water Productivity 

Over the last half-century, world irrigated area tripled, climbing 
from 90 million hectares in 1950 to nearly 270 million in 2000. 
Most of the growth occurred from 1950 to 1978, when irrigation 
expanded faster than population and boosted irrigated land per 
person from 0.037 hectares to 0.047 hectares, an increase of one 
fourth. After 1978, however, the growth in irrigation slowed, fall- 
ing behind that of population and shrinking the irrigated land per 
person 8 percent. (See Figure 7-2. ) 28 

In the years immediately ahead, the combination of aquifer deple- 
tion and the diversion of irrigation water to nonfarm uses may end 
the historical growth in irrigated area. If so, it will be more difficult 
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to feed 3 billion more people. 

In many countries, the competition for water between the coun- 
tryside and cities is intensifying, underlining the value of raising 
water productivity. Although projections of the future diversion of 
irrigation water to residential and industrial uses do not exist for 
most countries, a World Bank forecast for South Korea — a rela- 
tively well watered country — gives some sense of what may lie 
ahead. Like many countries, Korea is now using virtually all avail- 
able water. The Bank calculates that if the Korean economy grows 
5.5 percent annually until 2025, growth in water withdrawals for 
residential and industrial use will reduce the yearly supply remain- 
ing for irrigation from 13 billion to 7 billion tons. Rising water 
prices and associated gains in water productivity will likely ame- 
liorate the loss of water for irrigation, but this analysis nonetheless 
shows how difficult it may be for some countries even to maintain 
existing irrigated area. 29 

Farmers everywhere face an uphill battle in the competition for 
water since the economics of water use do not favor agriculture. 
Industry can often pay 50 to 100 times as much for water as farm- 
ers do. Wherever economic growth and the creation of jobs are a 
central preoccupation of political leaders, scarce water will likely 
go to industry. 30 

In addition, countries that are overpumping, including key food- 
producing ones such as China, India, and the United States, will 
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lose irrigation water as aquifers are depleted. Once the rising de- 
mand for water surpasses the sustainable yield of an aquifer, the 
gap between demand and sustainable yield widens each year. As it 
does, the annual drop in the water table also increases each year, 
accelerating depletion of the aquifer and setting the stage for an 
abrupt fall in the food supply. 31 

The need for water in the Indian subcontinent is already out- 
running the supply. Water tables are falling in much of India, in- 
cluding the Punjab, the country's breadbasket. (See Chapter 2.) 
The excessive use of water is encouraged by heavy electricity subsi- 
dies to farmers, who use electric pumps for irrigation. 32 

In sub-Saharan Africa, the potential for irrigation is limited sim- 
ply because so much of the continent is arid or semiarid. The greater 
promise here may lie in water harvesting and systematically build- 
ing soil organic matter so that soils can absorb and retain more of 
the low rainfall. The construction of earthen terraces supported by 
rocks retains water and reduces soil erosion. Leguminous trees 
planted as windbreaks reduce wind erosion and add nitrogen and 
organic matter to the soil. 

The world water situation today is similar to that with crop- 
land at the middle of the last century: the opportunities for devel- 
oping new supplies are fast disappearing. By 1950, the frontiers of 
agricultural settlement had largely vanished, leaving little produc- 
tive new land to plow. In response, governments launched a broad- 
based effort to raise land productivity, one that included price sup- 
ports for farm commodities that encouraged farmers to invest in 
yield-raising inputs and land improvements, heavy public invest- 
ment in agricultural research to raise crop yields, and the building 
of public institutions to support this effort — from agricultural ex- 
tension services to farm credit banks. Societies mobilized a wide 
array of resources that doubled land productivity between 1950 
and 1984. 

The doubling of grainland productivity in little more than a 
generation is one of the remarkable scientific feats of the modern 
age. As the new century begins, a similar broad-based effort is 
needed to raise water productivity. There are several avenues to 
raising water productivity, but the key is pricing water at closer to 
market value, a step that leads to systemic advances in efficiency. 
China, facing acute water shortages, has recently announced a plan 
to raise water prices each year over the next five years. The attrac- 
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tion of market pricing is that it is systemic, promoting more-ratio- 
nal water use throughout the economy. 

With 70 percent of the water that is diverted from rivers or 
pumped from underground being used for irrigation, any gains in 
irrigation water efficiency have benefits that extend far beyond 
agriculture. Indeed, getting enough water for cities and industry 
while maintaining food production may be possible only if irriga- 
tion productivity is systematically raised worldwide. 33 

The use of more water-efficient irrigation practices is the key. 
There are many ways to irrigate crops, including furrow, flood, 
overhead sprinkler, and drip irrigation. Furrow irrigation, prob- 
ably the earliest form, is used with row crops, with a small trench 
being cut near each row of plants. Flood irrigation, traditionally 
used on rice, is now being reconsidered since recent research indi- 
cates that at least in some situations periodic flooding will produce 
the same yield as continuous flooding, but use much less water. 34 

Overhead sprinkler irrigation, which is widely used in the U.S. 
southern Great Plains, is often coupled with the use of underground 
water. The circles of green crops that can be seen when flying over 
this region during the summer are created with water from center- 
pivot overhead sprinklers that use well water to irrigate. (In this 
region, most of the water is drawn from the Ogallala aquifer — 
essentially a fossil aquifer since its recharge is limited. ) Shifting from 
a high-pressure to a low-pressure overhead sprinkler system can 
boost irrigation efficiency from 65 percent to 80 percent. Shifting 
to a low-energy precision application sprinkler system can raise it 
to 90 percent or better. 35 

Drip irrigation technology, pioneered in Israel, is the most effi- 
cient of all irrigation systems. It typically uses a plastic hose with 
small holes or emitters, which either rests on the soil surface or is 
installed several inches below it. Sandra Postel and her colleagues 
report that studies in several countries show drip irrigation reduc- 
ing water use by 30-70 percent. And because it provides a steady 
supply of water carefully geared to crop needs, it raises yields by 
20-90 percent. The combination of reduced water use and higher 
yields can easily double water productivity, an attractive prospect. 36 

In the past, this high-cost, labor-intensive form of irrigation was 
used only on high-value crops such as fruits and vegetables. But 
this is now changing. New low-cost drip irrigation systems designed 
specifically for small farms, typically with a payback period of one 
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year, are opening broad new horizons for expansion. Because they 
are more labor-intensive, these drip systems are well adapted to 
small holdings where labor is more plentiful. Postel reports that 
India has an estimated 10 million hectares that can profitably be 
irrigated with drip systems. There may be a similar potential in 
China. 37 

Another way to raise water productivity is to shift to more wa- 
ter-efficient crops. For example, wheat typically produces half again 
as much grain per unit of water as rice does. This is why Egypt 
restricts rice planting in favor of wheat. 38 

As a general matter, the higher the yield of a crop, the more 
productive the water use. For example, a rice crop that yields four 
tons per hectare uses little more water than one that yields two 
tons per hectare simply because so much of the water used to pro- 
duce rice is lost through evaporation from the water surface. Sim- 
ply put, raising land productivity also raises water productivity. 

Restructuring the Protein Economy 

The demand for meat — beef, pork, poultry, and mutton — typically 
rises with income, perhaps driven by the taste for meat acquired 
during our 4 million years as hunter-gatherers. This innate hunger 
for animal protein, which manifests itself in every society, has lifted 
the world demand for meat each year for 40 consecutive years. 
One of the most predictable trends in the global economy, world 
meat production climbed from 44 million tons in 1950 to 233 
million tons in 2000, more than a fivefold increase. (See Figure 7- 
3.) This growth, roughly double that of population, raised meat 
intake per person worldwide from 17 kilograms to 38 kilograms. 39 

Once the limits of rangelands and fisheries are reached, then the 
growing demand for animal protein can be satisfied by feeding cattle 
in feedlots or fish in ponds; by expanding the production of pork, 
poultry, and eggs, all largely dependent on feed concentrates; or by 
producing more milk. 

In this new situation, the varying efficiency with which grain is 
converted into protein — beef, pork, poultry, and fish — is shaping 
production trends. Cattle in feedlots require roughly 7 kilograms 
of feed concentrate per additional kilogram of live weight. For pigs, 
the ratio is nearly 4 to 1. Chickens are much more efficient, with a 
2-to-l ratio. Fish, including both herbivorous and omnivorous 
species, require less than 2 kilograms of grain concentrate per kilo- 
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gram of gain. 40 

There are three ways to increase animal protein supply without 
consuming more grain: improve the efficiency of grain conversion 
into animal protein; shift from the less efficient forms of conver- 
sion, such as beef or pork, to the more efficient ones, such as poul- 
try or farmed fish; and rely on ruminants to convert more rough- 
age into either meat or milk. 

Not surprisingly, the economics of the varying conversion rates 
is accelerating growth in output among the more efficient convert- 
ers. The world's existing feedlots are being maintained, but there is 
little new investment in feedlots simply because of the higher cost 
of fed beef. From 1990 to 2000, world beef production increased 
only 0.5 percent a year compared with 2.5 percent for pork. The 
most rapidly growing source of meat during this period was poul- 
try, expanding at 4.9 percent annually. (See Table 7-3. ) 41 

The oceanic fish catch has not increased appreciably since 1990, 
thus falling far behind the soaring growth in demand for seafood. 
In response, aquacultural output expanded from 13 million tons 
of fish in 1990 to 31 million tons in 1998, growing by more than 
11 percent a year. Even if aquacultural growth slows somewhat 
during the current decade, world aquacultural output is still on 
track to overtake the production of beef by 2010. 42 

China is the leading aquacultural producer, accounting for 21 
million tons of the global output in 1998. Its output is rather evenly 
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Table 7-3. World Growth in Animal Protein 
Production, by Source, 1990-2000 



Source 


Annual Rate of Growth 




(percent) 


Aquaculture 1 


11.4 


Poultry 


4.9 


Pork 


2.5 


Beef 


0.5 


Oceanic fish catch 1 


0.1 



1 1990-98 only. 
Source: See endnote 41. 



divided between coastal and inland areas. Coastal output is domi- 
nated by shellfish — mostly oysters, clams, and mussels. It also in- 
cludes small amounts of shrimp or prawns and some finfish. Coastal 
aquaculture is often environmentally damaging because it depends 
on converting wetlands into fish farms or because it concentrates 
waste, leading to damaging algal blooms. 43 

Except for shellfish, most of China's aquacultural output is pro- 
duced inland in ponds, lakes, reservoirs, and rice paddies. Some 5 
million hectares of land are devoted exclusively to fish farming, 
much of it to carp polyculture. In addition, 1.7 million hectares of 
riceland produce rice and fish together. 44 

Over time, China has evolved a fish polyculture using four types 
of carp that feed at different levels of the food chain, in effect emu- 
lating natural aquatic ecosystems. Silver carp and bighead carp are 
filter feeders, eating phytoplankton and zooplankton respectively. 
The grass carp, as its name implies, feeds largely on vegetation, 
while the common carp is a bottom feeder, living on detritus that 
settles to the bottom. Most of China's aquaculture is integrated 
with agriculture, enabling farmers to use agricultural wastes, such 
as pig manure, to fertilize ponds, thus stimulating the growth of 
plankton. Fish polyculture, which typically boosts pond produc- 
tivity over that of monocultures by at least half, also dominates 
fish farming in India. 45 

As land and water become ever more scarce, China's fish farm- 
ers are feeding more grain concentrates in order to raise pond pro- 
ductivity. Between 1990 and 1996, China's farmers raised the an- 
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nual pond yield per hectare from 2.4 tons of fish to 4.1 tons. 46 

In the United States, catfish, which require less than 2 kilograms 
of feed per kilogram of live weight, are the leading aquacultural 
product. U.S. catfish production of 270,000 tons (600 million 
pounds) is concentrated in four states: Mississippi, Louisiana, Ala- 
bama, and Arkansas. Mississippi, with some 45,000 hectares (174 
square miles) of catfish ponds and easily 60 percent of U.S. output, 
is the catfish capital of the world. 47 

Public attention has focused on aquacultural operations that 
are environmentally disruptive, such as the farming of salmon, a 
carnivorous species, and shrimp. Yet these operations account for 
only 1.5 million tons of output. World aquaculture is dominated 
by herbivorous species, importantly carp in China and India, but 
also catfish in the United States and tilapia in several countries. 48 

Just as aquaculture is supplementing the fish catch, new prac- 
tices are evolving to efficiently expand livestock output. Although 
rangelands are being grazed to capacity and beyond, there is a large 
unrealized potential for feeding agricultural residues — rice straw, 
wheat straw, and corn stalks — to ruminants, such as cattle, sheep, 
and goats. This can mean that a given grain crop yields a second 
harvest — the meat or the milk that is produced with the straw and 
corn stalks. Ruminants have a highly sophisticated digestive sys- 
tem, one that can convert straw and corn stalks into meat and milk 
without using the grain that can be consumed by humans. At 
present, most human food comes from the photosynthate going 
into the seed of cereals, but by feeding animals straw and corn 
stalks, the photosynthate that goes into stems and leaves also can 
be converted into food. 49 

In India, both water buffalo, which are particularly good at 
converting coarse roughage into milk, and cattle figure prominently 
in the dairy industry. India has been uniquely successful in convert- 
ing crop residues into milk, expanding production from 20 million 
tons in 1961 to 79 million tons in 2000 — a near fourfold increase. 
Following a path of steady growth, milk became India's leading 
farm product in value in 1994. In 1997, India overtook the United 
States to become the world's leading milk producer. (See Figure 7- 
4.) Remarkably, it did so almost entirely by using farm byproducts 
and crop residues, avoiding the diversion of grain from human 
consumption to cattle. 50 

Between 1961 and 2000, India's milk production per person 
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increased from 0.9 liters per week to 1.5 liters, or roughly a cup of 
milk per day. Although this is not a lot by western standards, it is a 
welcome expansion in a protein-hungry country. 51 

The dairy industry structure in India is unique in that the milk 
is produced almost entirely by small farmers, who have only one to 
three cows. Milk production is integrated with agriculture, involv- 
ing an estimated 70 million farmers for whom it is a highly valued 
source of supplemental income. Dairying, even on a small scale, is 
a labor-intensive process, including gathering the roughage where 
cows are stall-fed, milking them, and transporting the milk to mar- 
ket. Ownership of a few cows or buffalo also means a supply of 
manure for cooking fuel and for fertilizer. If India can introduce 
new energy sources for cooking, it will free up more cow manure 
for fertilizer. 52 

China also has a large potential to feed corn stalks and wheat 
and rice straw to cattle or sheep. As the world's leading producer 
of both rice and wheat and the second ranked producer of corn, 
China annually harvests an estimated 500 million tons of straw, 
corn stalks, and other crop residues. At present, much of this either 
is burned, simply to dispose of it, or is used in villages as fuel. 
Fortunately, China has vast wind resources that can be harnessed 
to produce electricity for cooking, thus freeing up roughage for 
feeding additional cattle or sheep. 53 
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The ammoniation of crop residues (that is, the incorporation of 
nitrogen) in the roughage helps the microbial flora in the rumen of 
the cattle and sheep to digest the roughage more completely. The 
use of this technology in the major crop-producing provinces of 
east central China — Hebei, Shandong, Henan, and Anhui — has 
created a "Beef Belt." Beef output in these four provinces now 
dwarfs that of the grazing provinces of Inner Mongolia, Qinghai, 
and Xinjiang. 54 

Ruminants also produce soil-enriching manure that not only 
returns nutrients to the soil, but also adds organic matter, which 
improves both soil aeration and water retention capacity, thus en- 
hancing soil productivity. Roughage-based livestock systems are 
almost necessarily local in nature because roughage is too bulky to 
transport long distances. 

Satisfying the demand for protein in a protein-hungry world 
where water scarcity is likely to translate into grain scarcity is a 
challenge to agricultural policymakers everywhere. If grain becomes 
scarce, as now seems likely, other countries, such as the United 
States, Canada, and France, may follow India's example of using 
ruminants to systematically convert more crop residues into food. 

Eradicating Hunger: A Broad Strategy 

This chapter began by noting that sustaining a sufficient growth in 
food output to eradicate hunger will now take a superhuman ef- 
fort both within agriculture and in related activities outside that 
sector. Soil erosion, aquifer depletion, and climate change threaten 
future food production. Food security may depend as much on the 
efforts of family planners as on farmers and as much on the deci- 
sions made in ministries of energy that shape future climate trends 
as on decisions made in ministries of agriculture. The difficulty in 
eradicating hunger is matched only by the urgency of doing so. 

In countries where farm size is shrinking fast, raising land pro- 
ductivity deserves even greater priority than in the past. And in- 
creasingly, raising water productivity is the key to further gains in 
land productivity. Governments running the risk of an abrupt drop 
in food production as a result of aquifer depletion may be able to 
avoid such a situation only by simultaneously slowing population 
growth and raising water productivity in order to stabilize water 
tables. 

Stabilizing population is as essential as it is difficult. If rapid 
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population growth continues, it will lead to further fragmentation 
of land holdings, as well as to hydrological poverty on a scale that 
is now difficult to imagine. Hundreds of millions of people will 
not have enough water to meet their most basic needs, including 
food production. Chapter 10 discusses further the urgent need to 
stabilize world population. 

With the rise in land productivity slowing, continuing rapid 
population growth makes eradicating rural hunger much more dif- 
ficult, if not impossible. Perhaps the single most important thing 
India, for example, can do to enhance its future food security is to 
accelerate the shift to smaller families. This would enable it to move 
to the low-level U.N. population projection instead of the medium- 
level one, thereby adding only 289 million people instead of 563 
million in the next 50 years. 55 

As the backlog of unused agricultural technology shrinks, pro- 
viding enough food will increasingly depend on strengthening in- 
ternational agricultural research assistance. Appropriations for ag- 
ricultural research are lagging far behind needs. For some farmers, 
the technology pipeline is running dry. More locally oriented in- 
vestment in agricultural research that will help expand multiple 
cropping and intercropping could pay large dividends. 

Raising grain yield per hectare in the two regions where the 
world's hungry are concentrated will not be easy. India's wheat 
yield, for example, has already tripled since 1960. The rise in rice 
yield, which went from just under 1 ton per hectare in 1965 to 1.9 
tons in 1993, has slowed. Lifting land productivity in India is con- 
strained by the country's proximity to the equator. Day length dur- 
ing the summer is relatively short, and since rice is typically grown 
during the summer monsoon season, when cloud cover is heavy, 
solar intensity is low. 56 

Now that water scarcity is becoming a constraint on efforts to 
expand world food production, the time has come for an all-out 
effort to raise water productivity. Such a campaign could be pat- 
terned on the earlier effort to raise land productivity, involving a 
wide range of government initiatives — including research on rais- 
ing productivity, water pricing that will reflect the value of water, 
government loans for farmers' attempts to raise water productiv- 
ity, and the training of agricultural extension agents to help farm- 
ers in this effort. 

As water scarcity translates into food scarcity, countries every- 
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where need to reexamine the potential for multiple cropping. This 
is particularly true for a country like the United States, where crop 
acreage limits have traditionally discouraged multiple cropping. 

In India, the multiple-cropped area can be expanded by har- 
vesting and storing water during the monsoon season so that more 
land can be cropped during the dry season. If agricultural exten- 
sion workers are trained in water harvesting techniques, they can 
then work with local farmers to increase water storage. This will 
help raise yield per crop and also the crops produced per year. 

With cropland becoming scarce, efforts to protect prime farm- 
land are needed the world over. Here, Japan is the model. It has 
successfully protected rice paddies even within the boundaries of 
the city of Tokyo, thus enabling Japan to remain self-sufficient in 
its staple food — rice. 

Similarly with soil conservation: with erosion now taking a 
measurable toll on food production in so many countries, the adop- 
tion of farming practices that reduce soil erosion will pay hand- 
some dividends. The model is the United States, which has both 
converted highly erodible cropland back to grassland and adopted 
conservation practices to reduce erosion. The conversion of erod- 
ible cropland back to grassland or to trees, coupled with the adop- 
tion of conservation tillage on 37 percent of all cropped land, re- 
duced soil erosion from 3.1 billion tons in 1982 to 1.9 billion tons 
in 1997. 57 

Another potential for expanding food production, one that has 
been neglected in many industrial countries, is the feeding of crop 
residues to ruminants, as described earlier. This can reduce pres- 
sure on rangelands, as it has done in India and China. This poten- 
tial for a second harvest from a single crop deserves to be system- 
atically exploited worldwide. 

Recognizing that malnutrition is largely the result of rural pov- 
erty, the World Bank is replacing its long-standing, crop-centered 
agricultural development strategies with rural development strate- 
gies that use a much broader approach. Bank planners believe that 
a more systemic approach to eradicating rural poverty — one that 
embraces agriculture but that also integrates human capital devel- 
opment, the development of infrastructure, and social development 
into a strategy for rural development — is needed to shrink the num- 
ber living in poverty. One advantage of encouraging investment in 
the countryside in both agribusiness and other industries is that it 
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encourages breadwinners to stay in the countryside, keeping fami- 
lies and communities intact. In the absence of such a strategy, rural 
poverty simply feeds urban poverty. 58 

In countries such as India, where farm size is shrinking, it be- 
comes more difficult to raise land productivity enough to provide 
adequate nutrition. The challenge in these areas is to mobilize capital 
both through domestic savings and by attracting investment from 
abroad to build the factories needed to provide employment and 
income in rural areas. This will help rural families and communi- 
ties stay together. For this the model is China, which has achieved 
high savings rates and attracted record amounts of foreign capital. 59 

Another demand-side initiative, in addition to stabilizing popu- 
lation growth, is for the affluent to eat further down the food chain. 
The best nourished people in the world are not those living low on 
the food chain, such as Indians who consume roughly 200 kilo- 
grams of grain per year, or those living high on the food chain, 
such as Americans who consume some 800 kilograms of grain per 
year, mostly in the form of livestock products. It is people living at 
an intermediate level, such as Italians, who consume 400 kilograms 
of grain a year. Life expectancy in Italy — a country with the highly 
touted Mediterranean diet (rich in starches and fresh fruits and 
vegetables and only moderate amounts of livestock products) — 
exceeds that in both India and the United States. Even though the 
United States spends more on health care per person than Italy 
does, life expectancy in the latter is higher, apparently because of a 
lower consumption of livestock products. For those living high on 
the food chain, moving down to a more moderate level would en- 
hance not only their health, but also the health of the planet. 60 

A half-century ago, no one was concerned about climate change. 
But if we cannot now accelerate the phaseout of fossil fuels, more 
extreme climate events may disrupt food production, threatening 
food security. Of particular concern is the rise in sea level that could 
inundate the river floodplains in Asia that produce much of the 
region's rice. The rise over the last century of 20 centimeters (8 
inches) or more is already affecting some low-lying coastal regions. 
If sea level rises by 1 meter during this century, which is the upper 
level projected, it will take a heavy toll on food production, espe- 
cially in Asia. Here the principal responsibility lies with the United 
States, a country whose carbon emissions are so great that it can 
single-handedly alter the earth's climate. If the United States does 
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not assume a leadership role in phasing out fossil fuels, the global 
effort to stabilize climate is almost certain to fail. 61 

With the many countries that are facing acute land and water 
scarcity expecting to import growing quantities of grain, exporting 
countries will need to expand output to cover import needs. Over 
the last half-century, the growing ranks of grain-importing coun- 
tries, now numbering over 100, have become dangerously depen- 
dent on the United States. 62 

This concentration of dependence applies to each of the big three 
grains — wheat, rice, and corn. Just five countries — the United States, 
Canada, France, Australia, and Argentina — account for 88 per- 
cent of the world's wheat exports. Thailand, Viet Nam, the United 
States, and China account for 68 percent of all rice exports. For 
corn, the concentration is even greater, with the United States alone 
accounting for 78 percent of exports and Argentina for 12 percent. 63 

With more extreme climate events in prospect, this dependence 
on a few exporting countries leaves importers vulnerable to cli- 
mate change. If the United States were to experience a summer of 
severe heat and drought in its agricultural heartland like that of 
1988, when grain production dropped below domestic consump- 
tion for the first time in history, chaos would reign in world grain 
markets simply because the near-record grain reserves that cush- 
ioned the huge U.S. crop shortfall that year no longer exist. 64 

One of the principal causes of hunger is the indifference of gov- 
ernments, an attitude that is often all too visible in their priorities. 
In some ways, India today is paying the price for its earlier indis- 
cretions when, despite its impoverished state, it invested in a costly 
effort to produce nuclear weapons. After spending three times as 
much for military purposes as for health and family planning, In- 
dia now has a nuclear arsenal capable of protecting the largest con- 
centration of hungry people on the earth. 65 

Unless political leaders are willing to take the difficult steps to 
build an agricultural eco-economy, bland assertions that we must 
eradicate hunger are meaningless. If world leaders do not act deci- 
sively, the food situation could deteriorate rapidly in some devel- 
oping countries. The risk for the low-income, grain-importing coun- 
tries is that grain prices could rise dramatically, impoverishing more 
people in a shorter period of time than any event in history. Spread- 
ing food insecurity could lead to political instability on a scale that 
would disrupt global economic progress. 
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Protecting Forest 
Products and Services 



In the summer of 1998, the Yangtze River basin of China suffered 
some of the worst flooding in its history. An estimated 120 million 
people were driven from their homes by the floodwaters. A re- 
ported 3,656 people died. This near record flooding — with dam- 
ages totaling $30 billion — came in a year when rainfall, though 
well above average, was not close to being a record. What was 
different from earlier years of comparable rainfall was the loss of 
forests. By 1998, the Yangtze River basin had lost fully 85 percent 
of its original forest cover, leaving little to hold the above-normal 
monsoon rainfall. 1 

Although it was too late to prevent massive deforestation, in 
August 1998 Chinese officials announced that they were imposing 
a total ban on tree cutting in the upper reaches of the Yangtze 
River basin. A senior official observed that trees standing were worth 
three times as much as trees cut. The state logging firms that had 
been cutting the trees were converted into tree planting organiza- 
tions. As one employee noted, "It's now time to put down the ax 
and pick up the shovel." 2 

Because deforestation increases flooding, accelerates soil ero- 
sion, inhibits aquifer recharge, and decimates plant and animal life, 
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it directly affects several other trends that are shaping our future. 
Although we do not rely as universally on forests for fuelwood as 
we once did, forests still provide material for building our homes 
and for manufacturing the paper that remains the principal me- 
dium for communicating information. In addition, 2 billion people 
depend on forests for fuel. 3 

Since the beginning of agriculture, the world has lost nearly half 
of its forests. Much of the loss occurred during the last century. 
Although some individual countries have reversed the tide of for- 
est loss, the world's forested area continues to shrink. As this area 
diminishes, so does the human prospect. 4 

Fuel, Lumber, and Paper 

As of 2000, the forested area of the earth covered some 3.9 billion 
hectares, or roughly 30 percent of the earth's land surface, but each 
year world tree cover is shrinking. Between 1990 and 2000, the 
U.N. Food and Agriculture Organization (FAO) reported a net loss 
of 94 million hectares. The developing countries lost 130 million 
hectares and the industrial countries gained 36 million hectares. 
The gains were largely from the conversion of abandoned agricul- 
tural land to forest. 5 

While farmland was returning to forests in industrial countries, 
forests in developing countries were being turned into farmland, 
grazing land, and wasteland. The 13 million hectares of forested 
area lost in developing countries each year is equal to 0.65 percent 
of their forested area. Stated otherwise, every three years, develop- 
ing countries lose 2 percent of their forestland. 6 

These FAO estimates of forest loss are substantial, yet even they 
fall short of conveying the full extent of deforestation. The FAO 
definition of forest is tree crown cover of more than 10 percent of 
an area — a threshold that includes as forest land what is otherwise 
sometimes classified as tundra, savanna, scrubland, or even desert. 
Another shortcoming of the FAO data is that harvested areas count 
as forest until they have been permanently converted to another 
use. Thus it may appear that the global rate of deforestation is 
slowing, but recent satellite images and country reports reveal that 
the opposite is true. 7 

Historically, forests were managed by cutting selectively, remov- 
ing only mature, highly valued trees. Under this system the for- 
ested area was remarkably stable, shrinking only when land was 
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converted to agriculture or other nonforest uses. In recent decades, 
with new logging technologies and massive machines that can mow 
forests the way farmers mow hay, clearcutting has become much 
more economical as a harvesting technique, particularly when en- 
vironmental costs are ignored. 8 

The world wood harvest in 1999 totaled 3.28 billion cubic 
meters, or just over 0.5 cubic meters for each person worldwide. 
Some 53 percent of this was used for fuel, supplying the 2 billion 
people who rely on wood for cooking. In developing countries, 
wood used for fuel accounted for 80 percent of all the wood har- 
vested. 9 

Worldwide, wood accounts for 7 percent of the energy supply. 
In developing countries, it accounts for 15 percent of the total, 
compared with just 3 percent in industrial countries. Of the roughly 
1.5 billion cubic meters of wood harvested that is not used for fuel, 
close to one third is used to make paper and paperboard. And over 
one fourth is sawed into lumber. Wood-based panels, often made 
with reconstituted wood, account for roughly a tenth of the non- 
fuelwood total. 10 

The paper sector of the world wood economy is the fastest grow- 
ing of all. Between 1980 and 1999, world paper use climbed 86 
percent, or 3.3 percent a year. At a total of nearly 317 million tons 
in 1 999, this amounted to 52 kilograms, or more than 110 pounds, 
per person worldwide. (See Table 8-1. ) n 

Worldwatch researchers Janet Abramovitz and Ashley Mattoon 
note that nearly half of this paper was used for packaging. An esti- 
mated 30 percent was used for printing and writing paper, while 
12 percent was used for newsprint. Paper towels and tissue ac- 
count for most of the remainder. 12 

Looking ahead, the latest FAO projections show fuelwood con- 
sumption climbing to 2.35 billion cubic meters in 2015 and then 
leveling off as increased efficiency in wood burning offsets growth 
in fuelwood demand. For non-fuelwood use, FAO estimates that 
consumption will reach 2 billion cubic meters in 2015 and 2.4 
billion cubic meters in 2030. 13 

In the decades ahead, the growing demand for wood products 
and the demand to convert forestland to both crop production 
and cattle ranching will continue to intensify pressures on the earth's 
forests. If recent deforestation trends continue, both the loss of 
forest productive capacity and, perhaps more important, the loss 
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Table 8-1. World Paper Consumption by Country, 1999 



Country 


Consumption 


Consumption Per Person 




(thousand tons) 


(kilograms) 


United States 


95,829 


338 


China 


44,677 


35 


Japan 


30,482 


240 


Germany 


17,592 


214 


United Kingdom 


11,871 


200 


France 


10,844 


183 


Italy 


10,236 


178 


Canada 


7,960 


259 


Brazil 


7,044 


41 


South Korea 


6,642 


142 


Top 10 Consumers 


243,177 


111 


Others 


73,499 


_19 


World Total 


316,676 


52 


Source: FAO, FAOSTAT Statistics Database, <apps.fao.org>, forest data updated 7 



February 2001. 

of key services that forests provide could disrupt local economies 
in some countries. 

Forest Services 

We are all familiar with the goods that forests supply, as just de- 
scribed. We are less familiar with the services they provide. Promi- 
nent among these are climate regulation, flood control, soil conser- 
vation, water cycling, nutrient storage and recycling, and 
recreation — all of which are a basic part of any economy's support 
systems. 

In a landmark article in Nature in May 1997, Robert Costanza 
and 12 collaborators estimated that the earth's ecosystems provide 
$33 trillion worth of services per year — only slightly less than the 
$43 trillion worth of goods and services provided by the global 
economy. Of this total, Costanza and his coauthers estimated that 
the earth's forestland provides $4.7 trillion worth of services, or 
$969 of services per hectare per year. (See Table 8-2.) This can be 
compared with roughly $800 worth of corn produced per hectare 
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Table 8-2. Principal Services Provided by Forests 



Service 



Annual Value 
per Hectare 



(dollars) 



Climate regulation 

Erosion control 

Nutrient storage and recycling 

Recreation 

Other 



141 

96 
361 

66 
305 



Total 



969 



Source: See endnote 14. 



a year in the U.S. Corn Belt, one of the world's most productive 
farming regions. 14 

Impressive though the Costanza team's analysis is, it omits one 
of the most valuable services provided by forests — namely, their 
role in the recycling of rainfall inland that makes the interior of 
continents productive and habitable. If we continue to destroy 
coastal forests, the interior deserts of continents will continue ex- 
panding, squeezing humanity into an ever smaller area. 

We often discover the services that forests provide when it is too 
late, after the trees have been cut. This is perhaps most true of 
flood control, as China, Thailand, and Mozambique have belat- 
edly discovered. 15 

Forests also store nutrients. This is particularly important in the 
tropics, where almost all nutrients in forest ecosystems are stored 
in the vegetation itself. Many tropical soils have little organic mat- 
ter and almost no nutrient storage capacity. If a forest is burned off 
to plant grass for cattle ranching or crops, whatever is planted can 
do relatively well in the first few years because of the nutrients 
remaining in the ashes. But once the ash washes away, as it soon 
does, the nutrients are gone. This is why much of the land cleared 
in the tropics quickly becomes wasteland and is abandoned. 

Tropical rainforests are highly productive ecosystems, efficiently 
converting sunlight into plant material. But they can do this only 
as long as they are intact. Once they are destroyed, they can take 
centuries to regenerate. And some may never recover — simply be- 
cause the conditions that existed at the time of their original for- 
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mation may no longer exist. 

Forests help control soil erosion by adding organic matter to 
the soil and by slowing the flow of water runoff. Leaf litter on the 
floor protects the soil from being loosened by raindrops, creating a 
tight link between the vegetation and the soils. The forest vegeta- 
tion permits soil to accumulate and keeps it from washing away. 
The accumulated soil in turn provides a healthy medium for the 
forest to develop. In this symbiotic relationship, losing the forests 
sometimes means losing the soil, which may in turn prevent the 
return of the forest. 

The ability of forests to slow rainfall runoff and let it percolate 
downward also means forests play a central role in the hydrologi- 
cal cycle. They recharge aquifers, the underground rivers that sup- 
ply water for the wells downstream. The more water that runs off 
when it is raining, the less there is to recharge aquifers. Thus the 
loss of forest cover leads to a double loss — more damage from flood- 
ing and a reduced recharge of aquifers. 

Forests can purify drinking water as well. Walt Reid, who works 
with the Millennium Ecosystem Assessment, notes that "within 
the United States more than 60 million people in 3,400 communi- 
ties rely on National Forest lands for their drinking water, a service 
estimated to be worth $3.7 billion per year." He then notes that 
this single service, one among many provided by national forests, 
is worth more than the annual value of timber harvested from these 
lands. 16 

New York City, with its population of nearly 17 million, re- 
cently discovered just how valuable nature's services are. Faced with 
the residential and industrial development of the Catskill forest 
region, the basin that is the source of its water, the city was told it 
needed a water purification plant that would cost $8 billion to 
build and $300 million a year to operate. The bill for this would 
reach $11 billion over 10 years. After analyzing the situation, city 
officials realized that they could restore the watershed to its natu- 
ral condition for only $2 billion, thus avoiding the need for the 
purification plant and saving taxpayers $9 billion. 17 

As mentioned in Chapter 3, forests also help carry water to the 
interior of continents. Reduced recycling of rainfall inland is al- 
ready evident in China. Deforestation in southern and eastern parts 
of the country is reducing the moisture transported inland from 
the Bay of Bengal, the South China Sea, the East China Sea, and 
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the Yellow Sea, notes Wang Hongchang, a Fellow at the Chinese 
Academy of Social Sciences. Rainfall in the northwestern interior 
is declining, contributing to the dust bowl conditions that are de- 
veloping there. The Central Asian desert region extends from north- 
western China north and west across Kazakhstan. The desert is 
expanding outward from the interior of the continent, moving 
northwest in Kazakhstan and southward and eastward in China. 
Indeed, Kazakhstan has lost the southern half of its croplands since 
1980. 18 

A similar phenomenon is evident in Africa, as noted earlier. Both 
rangeland and cropland are turning to desert on the northern fringe 
of the Sahara Desert. Algeria is now working to convert the south- 
ernmost 20 percent of its grainland into orchards and vineyards in 
an effort to check the northward spread of desertification. And in 
Nigeria, the desert is moving southward, encroaching on the 
country's rangeland and cropland. 19 

A study as part of NASA's Earth Observing System reports that 
Lake Chad in Africa has shrunk from 25,000 square kilometers in 
1963 to 1,350 square kilometers today. Declining rainfall in the 
central Sahelian region of Africa is primarily responsible for the 
shrinkage, although higher temperatures and the growth in irriga- 
tion, which diverts water from the rivers feeding the lake, are also 
contributing. As deforestation in Africa's high rainfall coastal re- 
gions and in the southern Sahel itself progresses, the capacity of the 
land to recycle water to the continent's interior is diminishing. 20 

Forests also have a stabilizing effect on local climate, modulat- 
ing the more extreme day-to-night temperature fluctuations, such 
as those found in deserts. They store huge amounts of carbon that 
otherwise would be in the atmosphere in the form of carbon diox- 
ide, contributing to climate change. When forests are cleared, this 
carbon storage capacity is lost not only in the vegetation above 
ground but also in the organic matter in the soil from roots and the 
leaf litter on the forest floor. 21 

Another service provided by forests is protection of streams and 
rivers from silting. In the U.S. Northwest, for example, the 
clearcutting of forests has destroyed nearby salmon fisheries be- 
cause of increased muddy runoff. Mismanagement of one natural 
asset is decimating another. 22 

Silting also affects the productivity of dams, whether they are 
built for power generation or for irrigation. As they silt up, they 
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lose their storage capacity and hence their ability to generate elec- 
tricity and provide water for irrigation. In extreme cases, reservoirs 
fill with silt and the investment in the dam is lost. 23 

Sustainable Forestry 

There are many definitions of sustainable forestry, most having to 
do with the sustainable yield of timber. A more appropriate defini- 
tion, a broader and more relevant one, includes the capacity of the 
forest to supply both products and services sustainably. In many 
situations, the latter is now far more important than the former. 

Despite the high value of intact forests, only about 290 million 
hectares of global forest area are legally protected from logging 
(See Table 8-3.) An additional 1.4 billion hectares are unavailable 
for harvesting because of economic deterrents. Of the remaining 
area available for exploitation, 665 million hectares are undisturbed 
by humans and nearly 900 million hectares are seminatural and 
not in plantations. 24 

One type of forest that is marginal in economic terms is that 
supporting only low-quality wood, with few, if any, commercial 
species. Protected from timber harvesting by their poor quality, 
such forests continue to provide services. In other forests, logging 
is precluded solely because of physical or infrastructure constraints. 

Table 8-3. Area of World Forestland Available and Unavailable for 

Wood Supply 



Classification Area 

(million hectares) 

Available for wood supply 1,563 
Semi-natural 898 
Undisturbed 665 

Unavailable for wood supply 1,657 

Legal restrictions 290 
Economic restriction 

Physical reasons 256 

Transport or infrastructure constraints 365 

Other 746 

Total forested area 3,221 

Source: See endnote 24. 



Protecting Forest Products and Services 



Unfortunately, these areas can quickly become accessible to the 
chainsaw if the forest products industry or a government invests in 
transportation or other infrastructure. 25 

A large share of the forests that are protected by national decree 
are safeguarded not so much to preserve the long-term wood sup- 
ply capacity as to ensure that the forest can continue to provide 
services. Countries that take this step often have been heavily de- 
forested. The Philippines, for example, has banned all logging in 
old-growth and virgin forests largely because the country has be- 
come so vulnerable to flooding, erosion, and landslides. Once cov- 
ered by rich stands of tropical hardwood forests, the Philippines 
was a major exporter of forest products. But after years of massive 
clearcutting, the country became a net importer of forest products. 
It lost both the goods and the services provided by its forests. 26 

Although some nongovernmental organizations (NGOs) have 
been working for years to protect forests or restrict their exploita- 
tion, public institutions such as the World Bank have only recently 
begun to consider sustainable forestry systematically. The Bank's 
current goal is to have 200 million hectares of forestland in its 
client countries under sustainable management by 2005. It pro- 
poses to have 50 million hectares of natural forest that is high in 
biological diversity under protection by 2005. 27 

For many landowners in the tropics who lack access to timber 
markets, trees are seen simply as an obstacle to agriculture or ranch- 
ing — something to be burned or cut down. They are not interested 
in either the goods or the services provided. These forests are diffi- 
cult to protect. 

Where forest products are exported, access to timber markets 
can often be used to ensure that forests are managed sustainably. 
NGOs and governments in many importing countries are requir- 
ing that all timber marketed, including both domestically produced 
and imported timber, be certified as coming from sustainably man- 
aged forests. (For further discussion of forest certification, see Chap- 
ter 11.) 

There are several forest products certification programs, which 
have varying success in promoting sustainable forestry. These link 
environmentally conscious consumers with the management of the 
forest where the product originates. Some certification programs 
are national while others are international. Some of the latter origi- 
nate with the importing countries and others with exporters. 
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The most rigorous international program that is certified by a 
number of NGOs worldwide is the Forest Stewardship Council 
(FSC). Some 24 million hectares of forests in 45 countries are certi- 
fied by FSC-accredited bodies as responsibly managed. Among the 
leaders in certified forest area are Sweden, with 10 million hect- 
ares; the United States, with nearly 3 million hectares; Bolivia, with 
over 1 million hectares; and South Africa and Brazil with just un- 
der 1 million hectares each. 28 

On the export end of the sustainable forest products industry, 
Brazil has also developed a national certification program. It is called 
Cerflor, a System for the Certification of Origin of Forest Raw 
Materials. This initiative was economically motivated so that Bra- 
zilian pulp and paper products would have an ecolabel to ensure 
access to the European Union market. The label aimed to distin- 
guish Brazilian forestry products from those of other countries that 
might not be managing their forests sustainably. In the case of Bra- 
zil, this was a relatively easy goal to reach simply because so much 
of its paper comes from plantations. 29 

Although the world is far from managing its forests well, the 
concept of sustainable forest management is taking root to some 
degree in many parts of the world. It at least holds out the hope 
that the annual forest loss of 13 million hectares in developing 
countries can be reduced and eventually eliminated as balance is 
restored between the production and harvesting of forestry prod- 
ucts. Arresting the deforestation would also help protect the ser- 
vices that forests currently provide. 30 

Lightening the Load 

There is enormous potential in all countries to lessen the demand 
pressure that is shrinking the earth's forest cover. In industrial na- 
tions the greatest opportunity lies in reducing the amount of wood 
used to manufacture paper. In developing countries it also depends 
on reducing that used as fuel. 

An examination of paper recycling in the top 10 paper-produc- 
ing countries shows a wide variation. (See Table 8-4.) On the low 
end are China, which recycles 27 percent of its paper, and Italy, at 
31 percent. At the high end are Germany at 72 percent and South 
Korea at 66 percent. The rate in Germany is high because the gov- 
ernment has consistently emphasized the recycling of paper in or- 
der to reduce the flow to landfills. If every country recycled as much 
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Table 8-4. Paper Recycling Rates, 1 Leading 
Paper-Producing Countries and World, 1997 

Country Recycling Rate 




(percent) 


Germany 


72 


South Korea 


66 


Sweden 


55 


Japan 


53 


Canada 


47 


United States 


46 


France 


41 


Finland 


35 


Italy 


31 


China 


27 


World 


43 



Source: Janet N. Abramovitz, "Paper Recycling Remains 
Strong," in Lester R. Brown et al., Vital Signs 2000 (New 
York: W.W. Norton & Company, 2000), pp. 132-33. 

as Germany does, nearly one third less wood would be needed 
worldwide to produce paper. 

The United States, the world's largest producer and consumer 
of paper, is far behind Germany but making progress. Twenty years 
ago, roughly one fourth of the paper used in the United States was 
recycled. By 1997, the figure had reached 46 percent. Contribut- 
ing to this were the introduction of convenient curbside recycling, 
the banning of paper in many landfills, and mandates imposed by 
both the federal and state governments on recycled content in pur- 
chased paper, such as the one adopted by the Clinton administra- 
tion in 1993. 31 

Some countries not among the top 10 producers are also mak- 
ing impressive progress. The Netherlands, for example, has set a 
goal of recycling 72 percent of all the paper used within its borders 
by 2001. This goal, which will put it on a par with Germany, seems 
likely to be reached. 32 

The use of paper, perhaps more than any other single product, 
still reflects the throwaway mentality that evolved during the sec- 
ond half of the last century. There are enormous possibilities for 
reducing paper use, including replacing facial tissues, paper nap- 
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kins, disposable diapers, and paper shopping bags with cloth alter- 
natives. 

The Japanese have a special problem since their wooden chop- 
sticks are often discarded after one use. As a result, some 25 billion 
chopsticks a year end up in the garbage in Japan. In attempts to 
solve a comparable problem, China is launching a program to re- 
duce the use of throwaway chopsticks. 33 

In the electronic era, some uses of paper could be phased out 
almost entirely. Among these is the use of paper telephone directo- 
ries, which can be replaced by online phone directories available 
on the Internet. Not all residences have access to the Internet, but it 
may now make sense to discontinue automatic distribution of phone 
directories and give them out only on request. This could save mil- 
lions of tons of paper each year. 

Newspapers devote most of their space to advertising. For ex- 
ample, a typical city newspaper in the United States will carry two 
pages of used car ads each day for 365 days a year. Although some 
people never buy a car, much less a used one, they nonetheless 
automatically get these pages with their daily newspaper. An online 
electronic directory of used cars in each city could largely dispense 
with this use of newsprint. Indeed, electronic directories for cars, 
apartment rentals, and various services such as home repair and 
plumbing will undoubtedly reduce newspaper ads and save paper. 

The International Herald Tribune, published in Paris and printed 
at several different locations around the world, is a model of a 
paper-efficient newspaper. Owned jointly by the New York Times 
and the Washington Post, it carries material from both newspa- 
pers. It is trim and easy to read, with few ads. Within the United 
States, USA Today also has an unusually high rate of news to ad- 
vertising. These newspapers are also available on the Internet. 34 

The largest single demand on our trees — the need for fuelwood — 
accounts for just over half of all wood removed from forests. One 
way of reducing the pressure of fuelwood demand is to use wood 
more efficiently. While attention in the industrial world focuses on 
increasing the fuel efficiency of automobiles, much less attention 
has been given to the efficiency of cook stoves, the leading use of 
energy in many developing countries. A number of international 
aid agencies, including the U.S. Agency for International Develop- 
ment, have begun to sponsor projects in this area, and with some 
success. One of its more promising projects undertaken in Kenya 
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has involved the distribution of new cook stoves to 780,000 people. 
Investing public resources in replacing outmoded cook stoves could 
earn handsome dividends in forest protection and regeneration, 
including the restoration of forest services. 35 

Over the longer term, the key to reducing pressure on forests is 
to develop alternative sources of energy for cooking in the Third 
World. As the world shifts from an energy economy based on fossil 
fuels to one based on wind, solar, or geothermal energy (see Chap- 
ter 5), it will be much easier for developing countries without fossil 
fuels to develop indigenous sources of renewable energy. Although 
we do not know exactly what form the substitution will take as the 
world moves toward a hydrogen-based economy, we do know there 
is an abundance of locally available renewable energy in the devel- 
oping world. 

As the energy transition accelerates, the potential for replacing 
fuelwood with other local energy sources will become more evi- 
dent. Whether countries replace firewood with electric hotplates 
fed by wind-generated electricity, solar thermal cookers, or some 
other source of energy, it will lighten the load on forests. 

The Role of Plantations 

As of 2000, the world had 113 million hectares in forest planta- 
tions, less than 3 percent of the total 3.9 billion hectares in forest. 
By comparison, this area is roughly one sixth of the 700 million 
hectares planted in grain each year worldwide. 36 

These plantations produce mostly wood either for pulp mills to 
make paper or for mills to reconstitute wood. Increasingly, recon- 
stituted wood is substituting for natural wood in the world lumber 
market as industry adapts to a shrinking supply of large logs from 
natural forests. 37 

Production of wood on plantations is estimated at 331 million 
cubic meters, or 10 percent of world wood production. Stated oth- 
erwise, nine tenths of the world timber harvest came from natural 
forest stands, while one tenth came from plantations. 38 

Five countries account for two thirds of the 113 million hect- 
ares of plantations. (See Table 8-5.) China, which has little origi- 
nal forest remaining, is the largest, and Russia and the United States 
follow. U.S. plantations are concentrated in the southeastern part 
of the country. India and Japan are fourth and fifth. Brazil is fur- 
ther back, but expanding fast. 39 
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Table 8-5. Forest Plantations in Key Countries, 2000 



Country 



Area 



(million hectares) 



China 
Russia 



39.9 
17.3 
16.2 
12.4 
10.7 
16.3 



United States 



India 
Japan 



All other 



World Total 



112.8 



Source: See endnote 39. 



The average productivity of existing plantations worldwide is 
estimated at 6.6 cubic meters per hectare a year. This figure could 
easily go to 10 cubic meters with more sophisticated management 
and the use of fast-growing tree species. New Zealand, for example, 
harvests 18 or more cubic meters per hectare a year. Brazil was 
averaging 14 cubic meters per hectare in 1990 and could go to 33 
cubic meters with advanced management, according to FAO. 40 

As the industry expands, it is also undergoing a geographic shift, 
with more and more of the new plantations located in the moist 
tropical or subtropical regions. In contrast to grain yields, which 
tend to rise with distance from the equator and the longer growing 
days of summer, tree plantation yields rise with proximity to the 
equator and the year-round growing conditions. For example, in 
the southeastern United States, it takes 15 years for fast-growing 
pines to reach harvestable size. Brazilian plantation managers can 
have eucalyptus trees ready for harvest in 7 years — less than half 
the time. 41 

In eastern Canada, the average hectare of forest plantation pro- 
duces 4 cubic meters per year. In the southeastern United States, it 
is 10 cubic meters. But in Indonesia, it is 25 cubic meters, and in 
Brazil, newer plantations may be close to 30 cubic meters. While 
corn yields in the United States average almost 9 tons per hectare, 
Brazil's are less than 3 tons. So while the ratio of corn yields be- 
tween the United States and Brazil is nearly 3 to 1, timber yields 
favor Brazil by nearly 3 to 1. To satisfy a given demand for wood, 
Brazil requires only one third as much land as the United States. 
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This tree-growing advantage of tropical countries helps explain why 
growth in pulp capacity from 1995 to 2000 was estimated at 1.5 
percent for the United States, 3.5 percent for Canada, 166 percent 
for Thailand, and 123 percent for Indonesia. 42 

In addition to warm, year-round temperatures and abundant 
moisture in the tropics, land and labor are cheaper in developing 
countries. As a result, for example, Chile's exports of forest prod- 
ucts, largely from plantations, increased from $334 million in 1985 
to $2 billion in 1995, expanding employment and boosting export 
earnings. 43 

Many northern firms are investing in countries in the South. 
Japanese firms are investing in the Western Pacific, and U.S. firms 
are investing in the western hemisphere, especially Brazil. Some 
U.S. firms are buying into forest plantations in Brazil to supply 
wood chips for their pulp mills in the southern United States. Bra- 
zil, now with 5 million hectares of forest plantations, gets 60 per- 
cent of its industrial wood from plantations. 44 

Projections of future growth show that plantations are con- 
strained by land scarcity. An increase in land in plantations can 
come on deforested land, but it is more likely to come at the ex- 
pense of existing natural stands of forests. There is also competi- 
tion with agriculture, since land that is suitable for growing trees is 
often suitable for crop production too. Water scarcity is yet an- 
other constraint. Fast-growing plantations require an abundance 
of moisture. 

Nonetheless, FAO projects that the current 113 million hect- 
ares of plantations could easily increase to 145 million hectares in 
2030. Meanwhile, as yields rise, the harvest could more than double, 
climbing from 331 million cubic meters to 766 million. This as- 
sumes that this growth will be concentrated in the tropics and sub- 
tropics, where the yields are high. 45 

It is entirely conceivable that plantations could one day satisfy 
most of the world's demand for industrial wood. While part of the 
modest projected growth in plantation area will undoubtedly come 
at the expense of existing forests, the area of forests that would be 
protected is several times greater. 

Reclaiming the Earth 

Reforestation is essential to restoring the earth's health, a corner- 
stone of the eco-economy. Reducing flooding and soil erosion, re- 
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cycling rainfall inland, and restoring aquifer recharge depend not 
merely on slowing deforestation or arresting it, but on reforesting 
the earth. Planting trees helps to reduce topsoil loss caused by ero- 
sion to or below the level of new soil formation. 

Historically, some highly erodible agricultural lands have been 
reforested by natural regrowth. New England, a geographically 
rugged region of the United States, was reforested beginning a cen- 
tury or so ago. Settled early by Europeans, this mountainous re- 
gion was having difficulty sustaining cropland productivity because 
soils were thin and vulnerable to erosion. As highly productive 
farmland opened up in the Midwest and the Great Plains during 
the nineteenth century, pressures on New England farmland less- 
ened, permitting much of the land that was cropped to return to 
forest. Although the share of New England covered by forest has 
increased from a low of roughly one third two centuries ago to 
perhaps over three fourths today, this reforested area still has not 
regained its original health and diversity. 46 

A somewhat similar situation exists now in the republics of the 
former Soviet Union and in several East European countries. After 
the economic reforms in the early 1990s, which replaced central 
planning with market-based agriculture, farmers on marginal land 
simply could not make ends meet and were forced to seek their 
livelihoods elsewhere. Precise figures are difficult to come by, but 
millions of hectares of farmland are now returning to forest, much 
as happened in New England. 47 

Perhaps the most successful national reforestation effort is the 
one undertaken in South Korea beginning more than a generation 
ago. By the end of the Korean War, South Korea was almost totally 
deforested by a combination of heavy logging and reliance on 
fuelwood during the Japanese occupation. Despite being one of 
the world's poorest countries, it launched a national reforestation 
program. Trees were planted on mountainsides throughout the 
country. While driving across South Korea in November 2000, I 
was thrilled to see the luxuriant stand of trees on mountains that a 
generation ago were bare. It made me even more confident that we 
can reforest the earth. 

This model reforestation program helps explain why North 
Korea regularly has floods and droughts, while South Korea does 
not. South Korea benefits from the flood control services of refor- 
ested mountains, and with the forests' capacity to store water and 
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recharge aquifers, the nation rarely faces serious drought. Environ- 
mental degradation is contributing to chronic famine in one coun- 
try while environmental restoration helped set the stage for eco- 
nomic success in an adjacent nation. 

In Turkey, a mountainous country largely deforested over the 
millennia, one leading environmental group, TEMA (Turkiye 
Erozyonia Mucadele, Agaclandima), has made reforestation its 
principal activity. Founded by two prominent Turkish business- 
men, Hayrettin Karuca and Nihat Gokyigit, TEMA has launched 
a 10-billion-acorn campaign to restore tree cover and reduce run- 
off and soil erosion. In 1998, it mobilized forestry ministry staff, 
army units, and volunteers to plant 45 million acorns, 15 million 
of which were expected to emerge as seedlings. Aside from the plant- 
ing of acorns, this program is raising national awareness of the 
services that forests provide. 48 

China also is engaging in a reforestation effort. In addition to 
planting trees in the recently deforested upper reaches of the Yangtze 
River basin to control flooding, China is planting a belt of trees 
across its northwest to protect land from the expanding Gobi Desert. 
This green wall, a modern version of the Great Wall, is some 4,480 
kilometers (2,800 miles) long. An ambitious, long-term plan, it is 
projected to take 70 years. One local village leader said, "We'll 
plant trees every day for five years. And if that doesn't work, we'll 
plant for five more. That's what they tell us." Residents in this 
region are no longer permitted to burn wood for heating or cook- 
ing. The raising of animals, other than for household use, is also 
banned. 49 

But this green wall treats the symptoms of declining rainfall and 
desertification in the northwest, not the need to restore rainfall in 
the region by restoring the forests in the southern and eastern prov- 
inces that help recycle rainfall inland. An official within the Minis- 
try of Agriculture's ecology section worries that Beijing lacks a co- 
hesive, comprehensive plan. He sees tree planting as a positive step, 
but thinks grasses need to be planted first to stabilize the soil. He 
says, "But everything is going fast now and there is no master 
plan." 50 

In response to water shortages in the north, China is now plan- 
ning to construct two major south-north water diversions, each of 
which will cost tens of billions of dollars. If completed, they will 
bring water from the south to the north, but they will not restore 



186 



ECO-ECONOMY 



the rainfall that is desperately needed in the northwest if the veg- 
etation and ecological health of the region is to be restored. 51 

Wang Honchang of the Chinese Academy of Social Sciences has 
proposed reforestation and tree planting wherever possible to re- 
cycle more water to the interior. This might well carry more water 
from south to north than the diversion canals that are being planned, 
and at a lower cost. 52 

Shifting subsidies from building logging roads to tree planting 
would increase tree cover worldwide. The World Bank has the ad- 
ministrative capacity to lead an international program that would 
emulate South Korea's success in blanketing mountains and hills 
with trees. 

In addition, FAO and the bilateral aid agencies can work with 
individual farmers in national agroforestry programs to integrate 
trees wherever possible into agricultural operations. Aptly chosen 
and well-placed trees provide shade, serve as windbreaks to check 
soil erosion, and fix nitrogen, which reduces the need for fertilizer. 
The only forest policy that is environmentally acceptable is one 
that expands the earth's tree cover. 

A successful effort to reclaim the earth calls for a global refores- 
tation effort, coordinated country by country, integrated with popu- 
lation planning and improved efficiency of f uelwood burning. Re- 
ducing wood use by developing alternative energy sources as well 
as systematically recycling paper and using fewer forest products 
are integral components of the campaign to lighten pressure on the 
land. With such an integrated plan, humanity can arrest the spread 
of deserts that threatens agriculture and human settlements in so 
many countries. 



from Lester R. Brown, Eco-Economy: Building an Economy for the Earth 
(W. W. Norton & Co., NY: 2001) 
© 2001 Earth Policy Institute®. All Rights Reserved. 
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Redesigning Cities for People 



As I was being driven through Tel Aviv en route from my hotel to 
a conference center in November 2000, 1 could not help but note 
the overwhelming presence of cars and parking lots. Tel Aviv, ex- 
panding from a small settlement a half-century ago to a city of 
some 2 million today, has evolved during the automobile era. It 
occurred to me that the ratio of parks to parking lots may be the 
best single indicator of the livability of a city — an indication of 
whether the city is designed for people or for cars. 

We live in an urbanizing world. Aside from the growth of popu- 
lation itself, urbanization is the dominant demographic trend of 
our time. The 150 million people living in cities in 1900 swelled to 
2.9 billion people by 2000, a 19-fold increase. Meanwhile, the ur- 
ban share of world population increased from 10 percent to 46 
percent. If recent trends continue, by 2007 more than half of us 
will live in cities. For the first time, we will be an urban species. 1 

Urbanization on anything like the current scale is historically 
quite new. For most of our existence, we have lived in small bands 
of hunter-gatherers in a natural environment. As recently as 1 800, 
only Peking (now Beijing) had a million people. Today 326 cities 
have at least that many inhabitants. And there are 19 megacities, 
with 10 million or more residents. Tokyo's population of 26 mil- 
lion approaches that of Canada. Mexico City's population of 18 
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million is nearly equal to that of Australia. Mumbai (formerly 
Bombay), Sao Paulo, New York, Lagos, Los Angeles, Calcutta, and 
Shanghai follow close behind. 2 

Cities are unnatural. They require a concentration of food, wa- 
ter, energy, and materials that nature cannot provide. These masses 
of materials must then be dispersed in the form of garbage, human 
waste, and air and water pollutants. Worldwatch researcher Molly 
O'Meara Sheehan reports that although cities cover less than 2 
percent of the earth's surface and have less than half the world's 
people, they account for 78 percent of carbon emissions, 60 per- 
cent of residential water use, and 76 percent of the wood used for 
industrial purposes. 3 

Cities, particularly those centered on the automobile, deprive 
people of needed exercise, creating an imbalance between caloric 
intake and caloric expenditures. As a result, there is a rapid growth 
in obesity in both industrial and developing countries. Overweight 
populations in industrial countries, sometimes in the majority 
among adults, combined with the swelling ranks of overweight 
people in developing countries, have pushed the global overweight 
population to 1.1 billion. Epidemiologists now see this as a public 
health threat of historic proportions — a growing source of heart 
disease, high blood pressure, diabetes, and a higher incidence of 
several forms of cancer. 

The process of urbanization is changing. Whereas migration to 
the early cities came largely from urban pull, it is now driven more 
by lack of opportunity in the countryside. In most developing coun- 
tries, this flow from rural areas far exceeds the capacity of cities to 
provide jobs, housing, electricity, water, sewerage, and social ser- 
vices, thus resulting in squatter settlements where multitudes live 
in marginal, often subhuman conditions. 

An Urbanizing Species 

Agriculture set the stage for the formation of cities. Advances in 
agricultural productivity that came with the beginning of irriga- 
tion some 6,000 years ago in the fertile soils of the Euphrates Basin 
freed up people to create the first cities. Several thousand years 
later the Industrial Revolution gave cities another boost. The early 
factories required a concentration of workers not possible in rural 
communities. The evolution of cities is tied to advances in trans- 
port — initially ships and trains, then motor vehicles. It was the in- 
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ternal combustion engine, combined with cheap oil, that provided 
the mobility of people and of freight that fueled the phenomenal 
growth of cities during the twentieth century. 

Although the first cities were formed several thousand years ago, 
the urbanization of world population has been concentrated in the 
last half-century. In 1950, an estimated 750 million people lived in 
cities. By 2000, this number had climbed to 2.9 billion, nearly a 
fourfold increase. The United Nations predicts that by 2050 more 
than two thirds of us will be living in cities. 4 

Cities have been at the center of the evolution of modern civili- 
zation. It is probably not a coincidence that the first written lan- 
guage apparently evolved in the earliest cities. At the beginning of 
the Christian era, there were already several great cities: Athens, 
Alexandria, and Rome. A list of the world's 10 most populous 
cities in selected years since then tells us much about history, the 
rise and decline of civilizations, the growth and disintegration of 
empires, industrialization, and, more recently, wide population 
growth variations among countries. (See Table 9-1.) 

In the year 1000, the world's 10 largest cities were widely dis- 
persed throughout the Old World. But by 1900, a century after the 
Industrial Revolution began, nearly all the large cities were in the 



Table 9-1. Population of World's 10 Largest Metropolitan Areas in 
1000, 1900, and 2000 



City 


1000 


City 


1900 


City 


2000 




(million) 




(million) 




(million) 


Cordova 


0.45 


London 


6.5 


Tokyo 


26.4 


Kaifeng 


0.40 


New York 


4.2 


Mexico City 


18.1 


Constantinople 


0.30 


Paris 


3.3 


Mumbai (Bombay) 


18.1 


Angkor 


0.20 


Berlin 


2.7 


Sao Paulo 


17.8 


Kyoto 


0.18 


Chicago 


1.7 


New York 


16.6 


Cairo 


0.14 


Vienna 


1.7 


Lagos 


13.4 


Bagdad 


0.13 


Tokyo 


1.5 


Los Angeles 


13.1 


Nishapur 


0.13 


St. Petersburg 


1.4 


Calcutta 


12.9 


Hasa 


0.11 


Manchester 


1.4 


Shanghai 


12.9 


Anhilvada 


0.10 


Philadelphia 


1.4 


Buenos Aires 


12.6 



Source: Molly O'Meara Sheehan, Reinventing Cities for People and the Planet, 
Worldwatch Paper 147 (Washington, DC: Worldwatch Institute, June 1999), pp. 14-15, 
with updates from United Nations, World Urbanization Prospects: The 1 999 Revision 
(New York: 2000). 
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industrial west. In 2000, after a century of record population 
growth — most of it concentrated in the Third World — 7 of the top 
10 were in developing countries. 

People living in cities impose a disproportionately heavy bur- 
den on the earth's ecosystems simply because so many resources 
must be concentrated in urban areas to satisfy residents' daily needs. 
Vast quantities of food and water must be moved into cities, and 
the resulting concentration of human waste must then be dispersed. 

The industries that take advantage of the labor force in cities 
require raw materials. These, too, must be transported, often over 
long distances. Finished goods must then be shipped to markets 
within the country and, as globalization proceeds, other parts of 
the world. 

The early cities relied heavily on food and water resources in 
the surrounding countryside. But today cities often depend on dis- 
tant sources even for such basic amenities as food and water. Los 
Angeles, for example, draws much of its water supply from the 
Colorado River, some 970 kilometers (600 miles) away. Mexico 
City's burgeoning population, living at 3,000 meters, must now 
depend on the costly pumping of water from 150 kilometers away 
and a kilometer or more lower in altitude to augment its inad- 
equate water supplies. Water-starved Beijing is contemplating draw- 
ing water from the Yangtze River basin nearly 1,500 kilometers 
away. 5 

Food comes from even greater distances, as is illustrated by To- 
kyo, whose population exceeds that of the world's 10 largest cities 
in 1900 combined. While Tokyo still depends for its rice on the 
highly productive farmers in Japan, with their land vigorously pro- 
tected by government policy, its wheat comes largely from the Great 
Plains of the United States and Canada and from Australia. Its 
corn supply comes largely from the U.S. Midwest. Soybeans in 
Tokyo come from the U.S. Midwest and the Brazilian cerrado. 6 

Many cities today are linked more tightly to each other than to 
their own countryside. Air travel ties cities together, often making 
it easier to get to a city in another country than to the more remote 
rural regions within the same country. The trading of goods and 
services now occurs proportionately more among cities than be- 
tween cities and the surrounding countryside. 

It is widely assumed that urbanization will continue. But this is 
not necessarily so. If the world is facing water scarcity, the avail- 
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ability and cost of transporting water over long distances may it- 
self begin to constrain urban growth. Beyond this, a future of wa- 
ter scarcity is almost certainly also a future of food scarcity, since 
70 percent of all the water pumped from underground and di- 
verted from rivers is used for irrigation. (See Chapter 7.) 7 

In a world of land and water scarcity, the value of both may 
increase substantially, shifting the terms of trade between the coun- 
tryside and cities. Ever since the beginning of the Industrial Revo- 
lution, the terms of trade have favored cities because they control 
capital and technology, the scarce resources. But if land and water 
become the scarcest resources, then the people in rural areas who 
control them may have the upper hand. If so, the terms of trade 
could even reverse urbanization in some situations. 

Beyond resource shortages, the evolution of the Internet, which 
is changing how we think about such basic parameters as distance 
and mobility, could also affect urbanization. The availability of e- 
mail and the potential for telecommuting may reduce the advan- 
tages of living in the city. Cultural amenities, such as museums, 
once found only in cities may now be toured over the Internet, 
further diminishing the draw to urban life. Internet commerce, of- 
fering more options than any shopping mall, may also lessen the 
role of urban centers as supply sources for a wide variety of goods 
and services. 

Car-Centered Urban Sprawl 

One of the less desirable dimensions of the extraordinary urban 
growth of the last half -century has been the sprawl of cities. In an 
article in Scientific American entitled "The Science of Smart 
Growth," Donald Chen writes about the phenomenal development 
of Atlanta, Georgia, during the 1990s. In a decade that began with 
preparations to host the Olympic Games, Atlanta led all other U.S. 
cities in population growth, home building, job openings, and high- 
way construction. A part of the "new South," the city exploded in 
size. Today it has become a nightmare, one with worsening air 
pollution, congestion verging on gridlock, and an escalating sense 
of frustration among residents. Sprawling over an area the size of 
Delaware, it has the longest commute time of any city in the coun- 
try — longer even than in Los Angeles or Houston. 8 

Atlanta is unique among American cities because its unusually 
fast development turned it into a disaster so abruptly and dramati- 
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cally. With the rapidly spreading ownership of automobiles after 
World War II, a home in the suburbs — with access to the city but 
life in a low-density community with a yard and a driveway — ap- 
peared highly desirable. Zoning regulations requiring large lots for 
individual homes ensured that cities would be surrounded by low- 
density suburbs. Areas were often exclusively residential, with no 
mixing of shops or businesses among the residences. 9 

One analyst defined sprawl as "the degenerate urban form that 
is too congested to be efficient, too chaotic to be beautiful, and too 
dispersed to possess the diversity and vitality of a great city." In 
countries such as the United States and in many developing na- 
tions, where cities have developed largely after the arrival of the 
automobile and have ignored land-use planning, sprawl has be- 
come the dominant form of urban development. 10 

Among the consequences of this extensive low-density develop- 
ment are rising automobile dependency, rising real estate taxes, 
longer commute times, worsening air pollution, and, above all, frus- 
tration because the population density is too low to support a mean- 
ingful public transport system. The American dream became the 
American nightmare. 

Once low-density suburbs surround a city, people living in these 
areas do not have many housing options. Donald Chen points out 
that they have "a very limited range of choices in the style and 
location of new housing — typically, single-family homes in auto- 
mobile-oriented neighborhoods built on what was once forest or 
farmland." 11 

One consequence of the low-density development associated 
with one-acre building lots is high taxes to cover the sheer cost of 
providing water and sewerage services and maintaining roads. As 
the suburbs expand, they require new schools. Meanwhile, exist- 
ing schools within the city close. It is not uncommon, even in states 
with declining populations, to be investing heavily in new school 
construction simply because of the concentration of young couples 
in the suburbs that are sprawling ever farther from the city itself. 
Other services, such as ambulance and fire fighting, also cost more 
in sprawling communities. 12 

Long and frustrating commutes are taking a toll on those living 
in the suburbs. Public concern about sprawl and whether it can be 
stopped or even reversed is on the rise. A poll taken in 2000 by the 
Pew Charitable Trust indicates that more Americans are concerned 
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with traffic congestion and sprawl than with crime, jobs, or educa- 
tion, the traditional issues of primary concern. 13 

Increasing traffic delays are commonplace. A Texas Transpor- 
tation Institute (TTI) study on mobility notes that in the larger U.S. 
urban communities, time spent sitting in traffic jams increased from 
11 hours per person in 1982 to 36 hours in 1999. Los Angeles 
ranked number one in time wasted — 56 hours a year, nearly half of 
the typical annual vacation time of three weeks. (See Table 9-2.) In 
Washington, D.C., the typical automobile commuter spends 46 
hours sitting in traffic jams each year, reducing the time spent with 
family or exercising. The worse the traffic congestion, the more 
sedentary the life-style. 14 

TTI calculates the congestion bill for the 68 areas analyzed in 
1999 at $78 billion a year — nearly $300 for every American. This 
includes the value of 4.5 billion hours wasted in traffic and nearly 
7 billion gallons of excessive gasoline consumption. It does not, 
however, include any of the costs associated with the worsening air 
pollution from the millions of idling engines or the effect of addi- 



Table 9-2. Annual Costs of Traffic in Selected U.S. Cities 





Annual 


Excess Fuel 


Cost of 




Delay Per 


Consumed 


Congestion 


Urban Areas 


Person 


Per Person 


Per Person 1 




(hours) 


(gallons of gas) 


(dollars) 


Los Angeles, CA 


56 


84 


1,000 


Seattle-Everett, WA 


53 


81 


930 


Atlanta, GA 


53 


84 


915 


Houston, TX 


50 


76 


850 


Washington, DC-MD-VA 


46 


69 


780 


Denver, CO 


45 


67 


760 


San Francisco- 


42 


65 


760 


Oakland, CA 








Boston, MA 


42 


63 


715 


Portland, OR- 


34 


53 


610 


Vancouver, WA 








New York, NY- 


34 


52 


595 



Northeastern NJ 



'Including delay and fuel cost. 
Source: David Schrank and Tim Lomax, The 2001 Urban Mobility Report (Texas 
Transportation Institute and The Texas A&M University System, May 2001). 
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tional carbon emissions on the earth's climate. 15 

Many communities try to deal with traffic congestion by build- 
ing more roads. But that has not worked. As Richard Moe, head of 
the National Trust for Historic Preservation, observes, "Building 
more roads to ease traffic is kind of like trying to cure obesity by 
loosening the belt." 16 

The automobile promised mobility, and in largely rural settings 
it delivered just that. But as societies have urbanized, the inherent 
conflict between the automobile and the city has become all too 
visible, with almost all the world's cities now plagued with traffic 
congestion, noise, and vehicular air pollution. The average speed 
of a car in London today is little different from that of a horse- 
drawn carriage a century ago. In Bangkok, which seems to suffer 
from perpetual gridlock, the average motorist in 1999 spent the 
equivalent of 44 working days sitting in an automobile going no- 
where. 17 

Cities surrounded by low-density suburbs are facing a new chal- 
lenge — how to attract or even keep investment in factories and of- 
fices. Increasingly, corporations use congestion pricing in deciding 
whether to locate in a particular city. If traffic congestion raises 
commute times for employees and the cost of moving raw materi- 
als and finished products, a company may well decide to move 
elsewhere. In Atlanta, Hewlett Packard has begun rethinking 
whether it wants to continue with expansion. Traffic congestion 
affects both the productivity and morale of employees. 18 

At the local level, some U.S. communities have taken steps to 
control urban sprawl. At the state level, the leader has been Or- 
egon, which 20 years ago adopted boundaries to urban growth. 
State law required each community to project its growth needs for 
the next 20 years and then, based on the results, draw an outer 
boundary for the city that would accommodate that growth. Rich- 
ard Moe observes, "This has worked in Oregon because it forced 
development back to the city. Lot sizes are smaller. There is more 
density, which is made possible by mass transit. There has been a 
doubling in the workforce in downtown Portland over the last 20 
years without one new parking lot, without one new parking 

55 1 9 

space. Ly 

Arthur Nelson of the Lincoln Land Institute has analyzed growth 
patterns in U.S. cities using numerous economic and environmen- 
tal indicators. The contrasting experience of Portland, which has 
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engaged urban sprawl head on, and Atlanta, which ignored the 
issue, is revealing. Between the mid-1980s and mid-1990s, the 
growth in population, jobs, and income in the two cities were about 
the same, but that's where the similarity ends. (See Table 9-3.) Prop- 
erty taxes dropped 29 percent in Portland and rose 22 percent in 
Atlanta. Energy use, which actually declined in Portland, climbed 
in Atlanta. Air pollution (ozone) dropped 86 percent in Portland 
while climbing 5 percent in Atlanta. And finally, neighborhood 
quality, measured by an amalgam of indicators, improved by 19 
percent in Portland while declining 11 percent in Atlanta. 20 



Table 9-3. Changes in 


Portland and Atlanta Regions 


from Mid-1980s 




to Mid-1990s 




Indicator 


Portland, OR 


Atlanta, GA 




(percent ch 


ange) 


Population growth 


+ 26 


+ 32 


Job growth 


+ 43 


+ 37 


Income 


+ 72 


+ 60 


Property tax 


-29 


+ 22 


Vehicle miles traveled 


+ 2 


+ 17 


Single occupant vehicle 


- 13 


+ 15 


Commute time 


- 9 


+ 1 


Air pollution (ozone) 


- 86 


+ 5 


Energy consumption 


- 8 


+ 11 


Neighborhood quality 


+ 19 


-11 



Source: See endnote 20. 



There is another, more fundamental issue associated with car- 
centered transport systems. Will they be viable for land-scarce de- 
veloping countries? Given the density of population and the crop- 
land shrinkage per person, countries like Bangladesh, China, Egypt, 
India, Indonesia, Iran, and Pakistan simply lack the land needed to 
accommodate an auto-centered transport system and to feed their 
people. Increasingly, they will have to choose between the automo- 
bile and food security. 21 

Urbanization and Obesity 

Until recently, the principal link between urbanization and health 
was air pollution, but now this is changing as obesity spreads, eclips- 
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ing air pollution as a health threat. One consequence of urbaniza- 
tion, particularly when it is auto-centered, is the lack of opportu- 
nity for walking, cycling, and other forms of exercise. Exercise dep- 
rivation and dietary excesses together often translate into weight 
gain. As a result, obesity — which is concentrated in cities — is reach- 
ing epidemic proportions worldwide. No longer confined to the 
industrial world, obesity is emerging as a leading global public health 
issue. In both China and Indonesia, for instance, the incidence of 
obesity in cities is double that in the countryside. In the Congo, it is 
six times higher. 22 

Obesity is afflicting a growing number of people in industrial 
and developing countries alike. It is damaging human health — rais- 
ing the incidence of heart disease, stroke, breast cancer, colon can- 
cer, arthritis, and adult onset diabetes. In the United States, the 
Centers for Disease Control and Prevention estimates that 300,000 
Americans now die prematurely each year from obesity-related ill- 
nesses. 23 

In recent years, efforts to reduce obesity have focused on lower- 
ing caloric intake to the level of caloric use by dieting, as the per- 
petual presence of diet books on bestseller lists in industrial coun- 
tries indicates. Unfortunately, this can be physiologically difficult 
given the abnormally low calorie burning associated with seden- 
tary life-styles. Ninety-five percent of Americans who attempt to 
achieve a healthy body weight by dieting alone fail, largely because 
exercise deprivation is also contributing to obesity. With metabolic 
systems shaped by millions of years of highly active hunting and 
gathering, many people may not be able to maintain a healthy body 
weight without regular exercise. 24 

For the first time in history, a majority of adults in some highly 
urbanized societies are overweight. In the United States, this ap- 
plies to 61 percent of all adults. In Russia, the figure is 54 percent; 
in the United Kingdom, 51 percent; and in Germany, 50 percent. 
For Europe as a whole, more than half of the adults between 35 
and 65 years of age are overweight. The numbers are rising in de- 
veloping countries as well. In Brazil, for example, 36 percent of 
adults are overweight. 25 

Not only are more people overweight than ever before, but their 
ranks are expanding at a record rate. In the United States, obesity 
among adults increased by half between 1980 and 1994. Among 
Americans, 20 percent of men and 25 percent of women are more 
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than 30 pounds (13.6 kilograms) overweight. Surveys in China 
showed that during the boom years of the early 1990s, the share of 
adults who were overweight jumped from 9 percent to 15 per- 
cent. 26 

Juvenile obesity is rising rapidly too. In the United States, where 
at least 1 out of 10 youngsters 6 to 17 years of age is overweight, 
the incidence of obesity among children has doubled over the last 
generation. Not only does juvenile obesity typically translate into 
adult obesity, but it also causes metabolic changes that make the 
disease difficult to treat in adulthood. 27 

In a Worldwatch Paper entitled Underfed and Overfed, Gary 
Gardner and Brian Halweil report that the number who are 
overnourished and overweight has climbed to 1.1 billion world- 
wide, rivaling the number who are undernourished and under- 
weight. Peter Kopelman of the Royal London School of Medicine 
summarizes medical thinking: "Obesity should no longer be re- 
garded simply as a cosmetic problem affecting certain individuals, 
but [as] an epidemic that threatens global well being." 28 

Damage to health from obesity takes many forms. In addition 
to the illnesses noted earlier, heavier body weight increases resis- 
tance to the heart's pumping of blood, elevating blood pressure. It 
also raises the stress on joints, often causing lower back pain. People 
who are obese are four times as likely to have diabetes as those 
who are not. 29 

As weight goes up, life expectancy goes down. In analyzing this 
relationship for Americans between the ages of 30 and 42, one 
broad-based study found that the risk of death within 26 years 
increased by 1 percent with each additional pound (0.45 kilograms) 
of excess weight. 30 

The estimated 300,000 Americans who die prematurely each 
year as a result of being overweight compares with the 400,000 
who die prematurely from cigarette smoking. But there is one dif- 
ference. The number of cigarettes smoked per person in the United 
States is on the decline, falling some 42 percent between 1980 and 
2000, while obesity is on the rise. If recent trends continue, it is 
only a matter of time before deaths from obesity-related illnesses in 
the United States overtake those related to smoking. 31 

Gaining weight is a result of consuming more calories than are 
burned. With modernization, caloric intake has climbed. Over the 
last two decades, caloric intake in the United States has risen nearly 
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10 percent for men and 7 percent for women. Modern diets are 
rich in fat and sugar. In addition to sugars that occur naturally in 
food, the average American diet now includes a staggering 53 tea- 
spoons of added sugar a day, much of it in soft drinks and pre- 
pared foods. Unfortunately, diets in developing countries, especially 
in urban areas, are moving in this same direction. 32 

While caloric intake has been rising, exercise has been declin- 
ing. The latest U.S. survey shows that 57 percent of Americans 
exercise only occasionally or not at all, a number that corresponds 
closely with the share of the population that is overweight. 33 

Economic modernization has systematically eliminated exercise 
from our lives. Workers commute by car from home to work in an 
office or factory, driving quite literally from door to door. Auto- 
mobiles have eliminated daily walking and cycling. Elevators and 
escalators have replaced stairs. Leisure time is spent watching tele- 
vision. In the United Kingdom, the two life-style variables that cor- 
relate most closely with obesity are television viewing and automo- 
bile ownership. 34 

Children who watch television five or more hours a day are five 
times as likely to be overweight as those who watch less than two 
hours a day. Time spent playing computer games and surfing the 
Internet in lieu of playing outside is also contributing to the surge 
in obesity. 35 

Another manifestation of diet failures is the extent to which 
people are turning to liposuction to remove body fat. Resorting to 
this surgical procedure, which vacuums out fat from under the skin, 
is a desperate last measure for those whose diets have failed. In 
1998, there were some 400,000 liposuction procedures in the United 
States. 36 

For many of those who are overweight, achieving a healthy body 
weight depends on both reducing caloric intake and burning more 
calories through exercise. Metabolically, we are hunter-gatherers. 
Given our heritage, exercise may be a genetic imperative. 

Restoring exercise in our daily lives will not be easy. Today's 
cities, designed for automobiles, are leading to a life-threatening 
level of exercise deprivation. Our health depends on creating neigh- 
borhoods that are conducive to walking, jogging, and bicycling. 

The challenge is to redesign communities, making public trans- 
portation the centerpiece of urban transport, and augmenting it 
with sidewalks, jogging trails, and bikeways. This also means re- 
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placing parking lots with parks, playgrounds, and playing fields. 
Unless we can design a life-style that systematically restores exer- 
cise to our daily routines, the obesity epidemic — and the health 
deterioration associated with it — will continue to spread along with 
urbanization. 

Urban Rail and Bicycle Systems 

Urban transport systems based on a combination of rail, bicycles, 
and pedestrian walkways offer the best of all possible worlds in 
providing low-cost transportation and a healthy urban environ- 
ment. Large cities invariably need rail systems to provide adequate 
mobility. Whether cities develop underground rail systems, light- 
rail surface systems, or both depends in part on size. Megacities 
almost certainly need underground rail systems to move a large 
volume of passengers in a timely fashion. For cities of intermediate 
size, light rail might provide a better base for efficient transport. 

A rail system provides the foundation on which a city's trans- 
portation system can be developed. Trains are a fixed service, pro- 
viding a permanent means of transportation that people can count 
on in a location-specific manner. Once in place, the nodes on such 
a system become the obvious places to concentrate office build- 
ings, high-rise apartment buildings, factories, and shops. 

The bicycle, a form of personal transportation, provides the 
versatility to complement the rail system. The bicycle's attractions 
are many. It alleviates congestion, lowers pollution, reduces obe- 
sity, increases physical fitness, does not emit climate-disrupting car- 
bon dioxide, and is affordable for billions of people who cannot 
buy an automobile. 

The bicycle can increase mobility while reducing congestion and 
the amount of land paved over. Six bicycles can typically fit into 
the road space used by one car. For parking, the advantage is even 
greater, with 20 bicycles occupying the space required to park one 
car. 37 

Few characteristics of car-centered cities are more annoying than 
persistent pollution, which affects both those who use the cars and 
those who do not. The bicycle is an ideal antidote to pollution, 
especially for short trips. Automobile engines burn least efficiently 
when they are first started. Once they are warmed up, they burn 
fuel more cleanly, but by that time short trips are over. Although 
global public attention focuses on the 885,000 auto-related fatali- 
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ties each year, this figure is overshadowed by the estimated 3 mil- 
lion urban lives lost annually to air pollution. 38 

The bicycle is not only a flexible means of transportation, it is 
an ideal way of restoring a balance between caloric intake and ex- 
penditure. Exercise has value in its own right. Regular exercise of 
the sort provided by cycling to work reduces cardiovascular dis- 
ease, osteoporosis, and arthritis and strengthens the immune sys- 
tem. Millions of people pay a monthly fee to use a fitness center 
(which they often drive to), where they ride stationary bikes, trying 
to achieve the same benefits. 

Few methods of reducing carbon emissions are as effective as 
substituting the bicycle for the automobile on short trips. A bi- 
cycle, which typically weighs 13 kilograms (28 pounds), is from an 
engineering point of view a marvel of efficiency. An automobile, 
which requires 1-2 tons of material to transport often only one 
person, is extraordinarily inefficient in comparison. In addition to 
providing mobility and helping the rider to be physically fit, the 
bicycle also helps stabilize climate whenever it substitutes for a car. 

The capacity of the bicycle to provide mobility for low-income 
populations has been dramatically demonstrated in China. In 1976, 
China was producing 6 million bicycles a year. After the reforms in 
1978 that led to rapid economic growth, rising incomes, and a 
market economy in which people could exercise their preferences, 
annual bicycle production started climbing, eventually soaring over 
40 million in 1988. After the market was largely saturated, pro- 
duction dropped somewhat and has remained between 20 million 
and 40 million a year since then. This vast surge to 540 million 
bicycle owners in China after the economic reforms in 1978 pro- 
vided the greatest increase in human mobility in history. Bicycles 
took over city streets and rural roads. 39 

Cities in many parts of the world are turning back to bicycles 
for numerous uses. In the United States, more than 80 percent of 
police departments serving populations of 50,000 to 249,999 and 
96 percent of those serving over 250,000 residents now have rou- 
tine patrols by bicycle. Officers on bikes are more productive in 
cities partly because they are more mobile and can reach the scene 
of an accident or crime quicker. They typically make 50 percent 
more arrests per day than officers in squad cars. For fiscally sensi- 
tive officials, the cost of operating a bicycle is trivial compared 
with a car. Higher productivity at lower cost is a winning formula 
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in the minds of many city managers. Better community relations 
for officers on bikes provides an additional bonus. 40 

Urban bicycle messenger services are common in the world's 
larger cities. Bicycles can usually deliver small parcels in cities much 
more quickly and efficiently than motor vehicles can and at a much 
lower cost. As the information economy unfolds and as e-com- 
merce expands, the need for quick, reliable, urban delivery services 
is escalating. For many competitive Internet marketing firms, quick 
delivery wins customers. In a city like New York, this creates an 
enormous potential for the use of bicycle messengers. As of 2000, 
an estimated 300 bicycle messenger firms were operating in New 
York City, competing for $700 million worth of business each year. 
In large cities, the bicycle is becoming an integral part of the sup- 
port system for e-commerce. 41 

The key to realizing the potential of the bicycle is to create a 
bicycle-friendly transport system. This means providing both bi- 
cycle trails and designated lanes on streets for bicycles. These should 
be designed to serve both commuters and people biking for recre- 
ation. In addition, bicycle use is enhanced by the provision of park- 
ing facilities and showers at workplaces. Among the industrial- 
country leaders in designing bicycle-friendly transport systems are 
the Dutch, the Danes, and the Germans. 42 

The Netherlands, the unquestioned leader among industrial 
countries, has incorporated a vision of the role of bicycles into a 
Bicycle Master Plan. In addition to creating bicycle lanes and trails 
in all its cities, the system also gives cyclists the advantage over 
motorists in right-of-ways and at traffic lights. Traffic signals per- 
mit cyclists to move out before cars. 43 

Roughly 30 percent of all urban trips in the Netherlands are on 
bicycle. This compares with 1 percent in the United States. Both 
the Netherlands and Japan have made a concerted effort to inte- 
grate bicycles and rail commuter services by providing for bicycle 
parking at each rail station, making it easier for cyclists to com- 
mute to the station. In Japan, the use of bicycles for commuting to 
rail transportation has reached the point where some stations in- 
vested in vertical parking garages for bicycles, much as is often 
done for automobiles. 44 

Spain, one of the latest countries to climb on the bicycle band- 
wagon, had opened 80 newly constructed bicycle trails by the end 
of 2000. It now has some 965 kilometers (about 600 miles) with 
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new surface and signposts. Another 640 kilometers have been des- 
ignated and can be used, but have not yet been surfaced. 45 

The combination of rail and bicycle, and particularly their inte- 
gration into a single, overall transport system, makes cities emi- 
nently more livable than those centered around car transport sys- 
tems. Noise, pollution, congestion, and frustration are all lessened. 
Both the people and the environment are healthier. 

Planning Cities for People 

As the new century begins, it is becoming increasingly evident to 
urban dwellers, whether in an industrial or a developing country, 
that there is an inherent conflict between the automobile and the 
city. The vehicle that promised mobility and delivered it in largely 
rural societies cannot provide mobility in cities. Indeed, after a cer- 
tain point, as more and more people try to achieve mobility by 
driving in a city, they become progressively less mobile. 

The automobile-centered urban transport system can lead to 
frustration with congestion, a frustration that sometimes becomes 
what is now known as "road rage." Urban air pollution, often 
largely from automobiles, claims millions of lives. 

Congestion also takes a direct economic toll in the form of ris- 
ing transportation inefficiency and greater costs in time and en- 
ergy. As indicated, longer commuting times are now a source of 
daily frustration in a diverse array of cities, including Bangkok, 
Beijing, Houston, Rome, Sao Paulo, and Tel Aviv. 

Another cost of cities devoted to cars is a psychological one, a 
deprivation of contact with the natural world — an asphalt com- 
plex. There is a growing body of evidence that there is an innate 
need for human contact with nature. Both ecologists and psycholo- 
gists have been aware of this for some time. Ecologists, led by E.O. 
Wilson, have formulated the "biophilia hypothesis," which argues 
that those who are deprived of contact with nature suffer psycho- 
logically, and that this deprivation leads to a measurable decline in 
well-being. 46 

Meanwhile psychologists have coined their own term — 
ecopsychology — in which they make the same argument. Theodore 
Roszak, a leader in this field, cites a study that documents humans' 
dependence on nature by looking at the rate of recovery of patients 
in a hospital in Pennsylvania. Those who were in rooms overlook- 
ing the parking lot took longer to recover from illnesses than those 
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whose rooms overlooked gardens with grass, trees, flowers, and 
birds. 47 

One of the arguments for community gardens is that in addi- 
tion to providing food, they also provide greenery and a sense of 
community. Working with soil and watching things grow has a 
therapeutic effect, apparently harkening back to earlier times when 
everyone worked the soil. 

The exciting news is that there are signs of change, daily indica- 
tions of an interest in redesigning cities for people, not for cars. 
One encouraging trend comes from the United States. Rising pub- 
lic transit ridership of 5 percent a year since 1995 indicates that 
some people are abandoning their cars for buses, subways, and 
light rail. The country that led the world into the automobile age is 
starting to lead it away from such complete dependence on the 
car. 48 

Mayors and city planners the world over are beginning to re- 
think the role of the car in urban transportation systems. Some of 
the most fundamental challenges come from the developing world. 
As noted in Chapter 1, a group of eminent scientists in China chal- 
lenged Beijing's decision to promote an automobile-centered trans- 
portation system. They point out a simple fact: China does not 
have enough land to accommodate the automobile and to feed its 
people. What is true for China is also true for India and dozens of 
other densely populated developing countries. 49 

Some cities in industrial and developing countries alike are dra- 
matically increasing the mobility of their people by moving away 
from the car. The mayor of Curitiba, Brazil, has come up with an 
alternative transportation system, one that does not mimic those 
in the West but that is inexpensive and commuter-friendly. Since 
1974 the transportation system has been totally restructured. As 
Molly O'Meara Sheehan points out, although one third of the 
people in Curitiba own cars, two thirds of all trips in the city are by 
bus. The population has doubled since 1974, but car traffic in the 
city has declined by 30 percent — a remarkable achievement. 50 

Some cities are far better at planning their growth than others. 
They plan transport systems that provide mobility, clean air, and 
exercise — a sharp contrast to cities that offer congestion, health- 
impairing air, and little opportunity for exercise. When 95 percent 
of a city's workers depend on the automobile for commuting, as 
happens in Atlanta, the city is in trouble. (See Table 9-4.) By con- 
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Table 9-4. Commute to Work in Selected Cities, Early 1990s 
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trast, in Amsterdam only 40 percent of workers in the city com- 
mute by car; 35 percent commute by bike or walk, while 25 per- 
cent use public transit. Copenhagen's commuting patterns are al- 
most identical to Amsterdam's. In Paris, just under half of 
commuters rely on cars. Even though these European cities are older, 
often with narrow streets, they have far less congestion than At- 
lanta. 51 

Not surprisingly, cities that are more car-dependent have more 
congestion and less mobility than those that offer more commut- 
ing options. The very vehicle whose great promise was mobility is 
in fact immobilizing entire urban populations, making it difficult 
for rich and poor alike to move about. 

The design of transport systems, especially rail-based ones, shapes 
land use and the evolution of cities, but throughout the modern 
era, budget allocations for transportation have invariably been 
heavily biased toward the construction and maintenance of high- 
ways and streets. Creating more livable cities and the mobility that 
people desire depends on reallocating budgets to emphasize the 
development of rail- or bus-based public transport and facilities 
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that support the bicycle. Existing long-term transportation strate- 
gies in many developing countries assume that everyone will one 
day be able to own a car. Unfortunately, given the constraints of 
land available to accommodate the automobile, not to mention 
those imposed by low incomes, this is simply not realistic. Given 
that reality, these countries will provide more mobility if they sup- 
port public transportation and the bicycle. 

If developing-country governments continue to invest most of 
the public resources available for transportation in support of the 
automobile, they will end up with a system built for the small frac- 
tion of their people who own cars — 15 percent or so in many coun- 
tries. Much of the remaining 85 percent will be deprived of mobil- 
ity. Recognition now that most of the world's people are not likely 
to ever own automobiles can lead to a fundamental reorientation 
of transport system planning and investment. 52 

There are many ways to restructure the transportation system 
so that it satisfies the needs of all people, not just the affluent, so 
that it provides mobility, not immobility, and so that it improves 
health rather than damaging it. One way is to eliminate the subsi- 
dies that many employers provide for parking. For example, park- 
ing subsidies in the United States that are worth an estimated $31.5 
billion a year obviously encourage people to drive to work. 53 

In 1992, California mandated that employers match parking 
subsidies with cash that can be used by the recipient either to pay 
public transport fares or to invest in bicycles. In firms where data 
were collected, this shift in policy reduced automobile use by some 
17 percent. At the national level, a provision was incorporated into 
the 1 9 9 8 Transportation Equity Act of the 2 1 st Century to change 
the tax code so that those who used public transit or vanpools 
would enjoy the same tax-exempt subsidies as those who received 
free parking. What societies should be striving for is not parking 
subsidies, but parking taxes — taxes that begin to reflect the cost to 
the community of congestion associated with excessive numbers of 
automobiles. 54 

Some cities are reducing traffic congestion by charging cars to 
enter the city. Singapore, long a leader in urban transport innova- 
tion, has imposed a tax on all roads leading into the city. Electronic 
sensors identify each car as it enters, and then debit the owner's 
credit card. This has reduced the number of automobiles in 
Singapore, providing its residents with much more mobility than 
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in most other cities. 55 

Singapore has been joined by Trondheim, Norway's third larg- 
est city. And now London too is planning to charge motorists driv- 
ing in the city in order to alleviate the congestion that is strangling 
it. This obviously works best when it is coordinated with invest- 
ment in improved public transportation and bicycle options. Other 
cities suffering from traffic gridlock seem likely to follow. 56 

More and more cities are declaring car-free areas. These have 
proved to be universally popular. Scores of cities have adopted this 
approach, including Stockholm, Vienna, Prague, and Rome. Paris 
experimented with a total ban on cars along stretches of the Seine 
River during the summer of 2001. 57 

Another social innovation that has substantially reduced park- 
ing congestion is car sharing. This approach, which emerged in 
Europe, is designed to provide access to cars for people who do 
not use them on a daily basis. The car sharing organization may be 
publicly sponsored, as in Amsterdam, or privately operated, as in 
Berlin. In the latter, Carsten and Marcus Petersen invested in a few 
cars and started taking reservations for those who wished to use 
them. For people who do not regularly use a car, an automobile 
represents a huge investment in materials and, for the community, 
in parking space. Crowding neighborhoods with parked automo- 
biles is no longer necessary with car sharing. 58 

The success of this approach is evident in its growth. Car shar- 
ing groups in Europe now have 70,000 members in 300 towns 
and cities in eight countries from Ireland to Austria. Worldwatch 
researcher Gary Gardner reports that each shared vehicle elimi- 
nates four private cars, thus saving money and reducing material 
use and parking congestion in urban centers. 59 

Another initiative gaining attention is the idea of making sub- 
ways attractive, even cultural centers. In Moscow, with works of 
art in the stations, the subway system is justifiably referred to as 
Russia's crown jewel. In Washington, D.C., Union Station, which 
links the city's subway system with intercity train lines, is an archi- 
tectural delight. With its restoration completed in 1988 it has be- 
come a social gathering place with a rich array of restaurants, shops, 
and conference rooms. 

One of the more interesting innovations designed to encourage 
the use of public transportation comes from State College, a small 
town in central Pennsylvania that is home to Pennsylvania State 
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University. In an effort to reduce traffic and parking congestion on 
campus, Penn State decided in 1999 that it would provide $1 mil- 
lion to the bus-based local transit system in exchange for unlimited 
free rides for its students, faculty, and staff. As a result, bus rider- 
ship in State College jumped by 240 percent in one year, requiring 
the transit company to invest heavily in new buses to accommo- 
date the additional passengers. This initiative by the university has 
created a far more pleasant, attractive campus — an asset in recruit- 
ing both students and faculty. 60 

An innovation that is attracting attention in the United States is 
the provision of "location-efficient" mortgages. These are designed 
to reward home buyers or renovators who invest in housing near 
transportation hubs. By living near these, people can dispense with 
automobile ownership, or perhaps own just one car instead of two. 
This reduction in their cost of living is reflected in the larger loan 
they are able to obtain. This financial instrument, which was de- 
signed by the Natural Resources Defense Council, a leading U.S. 
environmental group, is available on a trial basis in Chicago, Los 
Angeles, and Seattle. 61 

Another public interest group initiative that is paying dividends 
has been undertaken by a group in India called the Public Affairs 
Center. It surveys residents of major cities about the quality of ser- 
vices that they receive. The group then publishes the results in the 
form of a report card for each Indian city on the adequacy of vari- 
ous services provided to their citizens. This is distributed to the 
media and widely circulated. Among its contributions was the dis- 
covery of widespread corruption in Bangalore, where one of every 
eight citizens surveyed indicated they had to pay a bribe to get city 
officials to respond to their needs. 62 

One of the most disturbing dimensions of the evolution of cities 
in developing countries is that this process is shaped by the nature 
of squatter settlements. As one study notes, the unnamed millions 
of squatters who are settling in cities are actually shaping the devel- 
opment of these areas. Curitiba, Brazil, again on the cutting edge 
of thinking, has designated tracts of land for squatter settlements. 
The alternative, which is to let squatters settle wherever they can — 
on steep slopes, on river floodplains, or on other high-risk areas — 
makes it difficult to provide basic services such as transport, water, 
and sewerage. By setting aside tracts of land for squatter settle- 
ments, the process can at least be structured in a way that is consis- 
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tent with the official development plan of the city. 63 

As the new century begins, the world is being forced to recon- 
sider the future role of the automobile in cities in one of the most 
fundamental shifts in transportation thinking over the last century. 
It is ironic that the very cars and trucks that made massive urban- 
ization possible are now contributing to the deterioration of cities. 

Some years ago, while attending a conference in Boston, I was 
making my way one morning on foot to the conference several 
blocks away. Between my hotel and the conference site, a thruway 
cut across the city. I had to wait some time for a break in the traffic 
so I could cross the congested thoroughfare. As I stood there, wit- 
nessing the effect of this thruway on the community, noting the 
noise, the pollution, and the congestion, I felt sorry for the people 
who lived in the neighborhood. And I felt sorry for us as a species. 
I don't think this represents the ultimate in human social evolu- 
tion. We can do better. 
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Stabilizing Population 
by Reducing Fertility 



World population has more than doubled since 1950. Those born 
before 1950 are members of the first generation in history to wit- 
ness such a doubling during their lifetime. Stated otherwise, more 
people have been added to the world's population since 1950 than 
during the 4 million preceding years since we first stood upright. 1 

Throughout most of these 4 million years, we were few — num- 
bering only in the thousands. When agriculture began, world popu- 
lation was estimated at 8 million — less than a third the size of To- 
kyo today. After farming got under way, population growth slowly 
gained momentum. With the Industrial Revolution, it accelerated 
further. After 1950, it soared. 

We are struggling to understand the dimensions of population 
growth over the last half -century. We can relate to 100,000 people, 
the number filling a large stadium for an athletic event or a con- 
cert, but relating to an annual increase of 80 million is difficult. To 
grasp the dimensions of this growth, we can equate it to the com- 
bined population of the United Kingdom, Belgium, Denmark, and 
Sweden today. As someone who spends more time than I would 
like in planes and airports, it is easier for me to relate population 
growth to the passenger capacity of a jumbo jet. It takes the world's 



212 



ECO-ECONOMY 



growing population less than 3 minutes to fill a jumbo jet with 
400 passengers. 

Despite the stresses associated with continuing population 
growth, the United Nations projects that our numbers will grow 
from 6.1 billion in 2000 to 9.3 billion in 2050. Of even more con- 
cern, all of the 3.2 billion additional people will be added in devel- 
oping countries. Given the analysis in this book, there is reason to 
doubt that this will actually happen. What is unclear is whether 
the projections will not materialize because we accelerate the shift 
to smaller families in time or because we fail to do so and death 
rates begin to rise. 

Many countries that have experienced rapid population growth 
for several decades are showing signs of demographic fatigue. Gov- 
ernments struggling with the simultaneous challenge of educating 
growing numbers of children, creating jobs for swelling ranks of 
young job seekers, and dealing with the environmental effects of 
population growth are stretched to the limit. Without a concerted 
effort by national governments and the international community 
to shift quickly to smaller families, land scarcity and water short- 
ages could become unmanageable — leading to political instability, 
economic decline, and rising death rates. 

In this situation, when a major new threat arises — such as the 
HIV epidemic or aquifer depletion — governments often cannot 
cope. Problems routinely managed in industrial societies are be- 
coming full-scale humanitarian crises in many developing ones. As 
the HIV epidemic continues to spread, rising death rates in some 
African countries will likely bring their population growth to a 
halt. This rise in the death rate marks a tragic new development in 
world demography. 

The issue is not whether population growth will slow, but how. 
In its 1998 update of long-range population projections, the United 
Nations reduced the predicted population for 2050 by some 500 
million. Two thirds of this reduction was due to fertility falling 
faster than projected. But the other one third was the result of a 
projected rise in death rates, largely because of HIV in Africa. For 
the first time in nearly half a century of world population updates, 
projections were being reduced by rising mortality. The challenge 
is to slow population growth in all developing countries by lower- 
ing birth rates, because if we fail, it will be slowed by rising death 
rates. 2 
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Breaking Out or Breaking Down 

Today we find ourselves in a demographically divided world, one 
where national projections of population growth vary more widely 
than at any time in history. In most European countries and Japan, 
population has stabilized or is declining; but in others, such as Ethio- 
pia, Pakistan, and Saudi Arabia, population is projected to double 
or even triple before stabilizing. 

Demographers use a three-stage model to understand how popu- 
lation growth rates change over time as modernization proceeds. 
In the first stage, birth and death rates are both high, resulting in 
little or no population growth. In the second stage, death rates fall 
while birth rates remain high, leading to rapid growth. In the third 
stage, birth rates fall to a low level, balancing low death rates and 
again leading to population stability while offering greater possi- 
bilities for comfort and dignity than in stage one. It is assumed that 
countries will progress from stage one to stage three. 3 

Today there are no countries in stage one; all are either in stage 
two or stage three. However, instead of progressing steadily for- 
ward toward stage three as expected, some countries are falling 
back toward stage one as the historical fall in death rates is re- 
versed, leading the world into a new demographic era. If countries 
do not break out of the middle stage of the demographic transition 
in a matter of decades, rapid population growth will eventually 
overwhelm natural systems, leading to economic decline and forc- 
ing societies back into stage one as mortality rises. Over the long 
term, there is no middle ground. Countries either break out or 
break down. Unfortunately, a number of countries, mostly in Af- 
rica, are showing signs of breaking down. 

For the first time since China's great famine claimed 30 million 
lives in 1959-61, world population growth is being slowed by ris- 
ing death rates. (See Figure 10-1.) Although rapid population 
growth continues in scores of countries, the world is beginning to 
divide into two parts: one where population growth is slowing as 
fertility falls, and another where population growth is slowing as 
mortality rises. One way or the other, population growth will slow. 
That rising death rates from AIDS have already reduced the pro- 
jected population for 2050 by more than 150 million represents a 
failure of our political institutions unmatched since the outbreak 
of World War II. 4 

The world is starting to reap the consequences of past neglect of 




the population issue. The two regions where death rates either are 
already rising or are likely to do so are sub-Saharan Africa and the 
Indian subcontinent, which together contain 1.9 billion people — 
nearly one third of humanity. Without clearly defined government 
strategies in countries with rapid population growth to lower birth 
rates quickly and a commitment by the international community 
to support them, one third of humanity could slide into a demo- 
graphic black hole. 

After nearly half a century of continuous population growth, 
the demand in many countries for food, water, and forest products 
is simply outrunning the capacity of local life-support systems. In 
addition, the ever growing number of young people who need health 
care and education is exceeding the availability of these services. If 
birth rates do not come down soon, these natural systems and so- 
cial services are likely to deteriorate to the point where death rates 
will rise. 

But what will cause death rates to go up in individual coun- 
tries? Will it be starvation? An outbreak of disease? War? Social 
disintegration? At some point as population pressures build, gov- 
ernments are simply overwhelmed and are not able to respond to 
new threats. There are now three clearly identifiable threats that 
either are already pushing death rates up or have the potential to 
do so — the HIV epidemic, aquifer depletion, and land hunger. 

Of these three, the HIV epidemic is the first to spiral out of 
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control in developing countries. The epidemic should be seen for 
what it is: an international emergency of epic proportions, one that 
could claim more lives in the early part of this century than World 
War II did in the last one. In sub-Saharan Africa, HIV infection 
rates are soaring, already affecting one fifth to one third or more of 
adults in Botswana, Namibia, South Africa, Zambia, and Zimba- 
bwe. 5 

Barring a medical miracle, many African countries will lose a 
fifth or more of their adult populations to AIDS by the end of this 
decade. To find a precedent for such a potentially devastating loss 
of life from an infectious disease, we have to go back to the deci- 
mation of New World Indian communities by the introduction of 
smallpox in the sixteenth century or to the Bubonic plague that 
claimed roughly a third of Europe's population during the four- 
teenth century. 6 

Ominously, the virus has also established a foothold in the In- 
dian subcontinent. With 3.7 million adults now HIV-positive, In- 
dia is home to more infected individuals than any other nation 
except South Africa. And with the infection rate among India's 
adults at roughly 1 percent — a critical threshold for potentially rapid 
spread — the epidemic threatens to engulf the country if the gov- 
ernment does not move quickly to check it. The virus is also spread- 
ing rapidly in Myanmar, Cambodia, and China. 7 

One consequence of continuing population growth is poten- 
tially life-threatening water shortages. If rapid population growth 
continues indefinitely, the demand for water eventually exceeds the 
sustainable yield of aquifers. The result is excessive water with- 
drawals and falling water tables. (See Chapter 2.) Since 40 percent 
of the world's food comes from irrigated land, water shortages can 
quickly translate into food shortages. 8 

Dozens of developing countries face acute water shortages, but 
none illustrate the threat better than India, whose population — 
expanding by 18 million a year — has already surpassed 1 billion. 
New estimates for India indicate that in some areas water with- 
drawals are now double the rate of aquifer recharge. As a result, 
water tables are falling by 1 meter or more per year over parts of 
the country. Overpumping today means water supply cutbacks to- 
morrow, a serious matter where half of the harvest comes from 
irrigated land. 9 

The International Water Management Institute estimates that 
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aquifer depletion and the resulting cutbacks in irrigation water could 
override technology gains, reducing the grain harvest in water-short 
regions of India. In a country where 53 percent of all children are 
already malnourished and underweight, a shrinking harvest could 
increase hunger-related deaths, adding to the 6 million worldwide 
who die each year from hunger and malnutrition. In contrast to 
AIDS, which takes a heavy toll among young adults, hunger claims 
mostly infants and children. 10 

The third threat hanging over the future of countries with rapid 
population growth is land hunger. Once cropland per person shrinks 
to a certain point, people can no longer feed themselves and they 
either turn to imported food or go hungry. The risk is that coun- 
tries will not be able to afford the imported food or that food sim- 
ply will not be available if world import needs exceed exportable 
supplies. 

Among the larger countries where shrinking cropland per per- 
son threatens future food security are Ethiopia, Nigeria, and Paki- 
stan, all countries with weak family planning programs. As Nigeria's 
population goes from 114 million today to a projected 278 million 
in 2050, its grainland per person will shrink from 0.16 hectares to 
0.06 hectares. Pakistan's projected growth from 141 million today 
to 344 million by 2050 will reduce its grainland per person from 
0.09 hectares at present to 0.04 hectares — scarcely the size of a 
tennis court. Countries where this number has shrunk to 0.03 hect- 
ares, such as Japan, South Korea, and Taiwan, import 70 percent 
or more of their grain. 11 

The threats from HIV, aquifer depletion, and shrinking crop- 
land are not new or unexpected. We have known for more than a 
decade that AIDS could decimate human populations if it were not 
controlled. In each of the last 18 years, the number of new HIV 
infections has risen. Of the 58 million infected by the year 2000, 
22 million people have died. In the absence of a low-cost cure, 
nearly all the remaining 36 million will die by 2010. It is hard to 
believe, given our advanced medical knowledge, that a control- 
lable disease could devastate human populations in so many coun- 
tries. 12 

Similarly, it is hard to imagine that falling water tables, which 
may prove an even greater threat to future economic progress and 
political stability, could be so widely ignored. The arithmetic of 
emerging water shortages is not difficult. A growing population 
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with a water supply that is essentially fixed by nature means that 
the water per person will diminish over time, eventually dropping 
below the level needed to meet basic needs for drinking water, food 
production, and sanitation. 

The same holds true for cropland per person. The mystery is 
not in the arithmetic. That is straightforward. The mystery is in 
our failure to respond to the threats associated with continuing 
population growth. 

Africa Breaking Down 

A generation ago, virtually the entire world appeared to be pro- 
gressing economically and socially. A better future was in prospect 
for all. Now that has changed as the HIV epidemic ravages Africa. 
It is not only causing millions of deaths, it is undermining the 
continent's economic future. If issues rooted in population growth, 
such as land hunger and water shortages, are not addressed, they 
could be equally disastrous. By analyzing what happened in Af- 
rica, perhaps we can avoid a social catastrophe of similar dimen- 
sions elsewhere. 

History offers few examples of leadership failure comparable to 
that of Africa's in response to the HIV crisis. The HIV epidemic 
that is raging across Africa is now taking some 6,030 lives each 
day, the equivalent of 15 fully loaded jumbo jets crashing daily — 
with no survivors. This number, climbing higher each year, is ex- 
pected to double during this decade. 13 

Public attention has initially focused on the dramatic rise in adult 
mortality and the precipitous drop in life expectancy. But we need 
now to look at the longer-term economic consequences — falling 
food production, deteriorating health care, and disintegrating edu- 
cational systems. Effectively dealing with this epidemic and the heavy 
loss of adults will make the rebuilding of Europe after World War 
II seem like child's play by comparison. 

While industrial countries have held the HIV infection rate 
among adults to less than 1 percent, in 16 African countries the 
figure is over 10 percent. In South Africa, it is 20 percent. In Zim- 
babwe and Swaziland, 25 percent. And in Botswana, which has 
the highest infection rate, 36 percent of adults are HIV-positive. 
These countries are expected to lose one fifth to one third of their 
adults by the end of this decade. 14 

Attention is focusing on the high cost of treating those already 
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ill, but the virus is continuing to spread. As deaths multiply, life 
expectancy — the sentinel indicator of economic development — is 
falling. Without AIDS, countries with high infection rates, like 
Botswana, South Africa, and Zimbabwe, would have a life expect- 
ancy of some 65 years or more. With the virus continuing to spread, 
life expectancy could drop to 35 years — a medieval life span. 15 

Whereas infectious diseases typically take their heaviest toll 
among the eldest and the very young who have weaker immune 
systems, AIDS claims mostly young adults, depriving countries of 
their most productive workers. In the epidemic's early stages, the 
virus typically spreads most rapidly among the better educated, 
more socially mobile segment of society. It claims the agronomists, 
engineers, and teachers needed for economic development. 

The HIV epidemic is affecting every segment of society, every 
sector of the economy, and every facet of life. For example, close to 
half of Zimbabwe's health care budget is used to treat AIDS pa- 
tients. In some hospitals in Burundi and South Africa, AIDS pa- 
tients occupy 60 percent of the beds. Health care workers labor 
until the point of exhaustion. This epidemic could easily produce 
40 million orphans by 2010, a number that will overwhelm the 
resources of extended families. 16 

Education is also suffering. In Zambia, the number of teachers 
dying with AIDS each year approaches the number of new teach- 
ers being trained. In the Central African Republic, the reduction of 
the teaching force by AIDS closed 107 primary schools, leaving 
only 66 open. At the college level, the damage is equally devastat- 
ing. At the University of Durban-Westville in South Africa, 25 per- 
cent of the student body is HIV-positive. 17 

In addition to the continuing handicaps of a lack of infrastruc- 
ture and trained personnel, Africa must now contend with the ad- 
verse economic effects of the epidemic. AIDS dramatically increases 
the dependency ratio — the number of young and elderly who de- 
pend on productive adults. This in turn makes it much more diffi- 
cult for a society to save. Reduced savings means reduced invest- 
ment and slower economic growth or even decline. 

At the corporate level, firms in countries with high infection 
rates are seeing their employee health care insurance costs double, 
triple, or even quadruple. Companies that were until recently com- 
fortably in the black now find themselves in the red. Under these 
circumstances, investment inflows from abroad are dwindling and 
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could dry up entirely. 18 

Even as disease consumes Africa, food security is deteriorating. 
Land hunger, water scarcity, and nutrient depletion are reducing 
the grain produced per person. In East, Central, and Southern Af- 
rica, the undernourished share of the population has increased over 
the last two decades. 19 

Making matters worse, food security is declining as the epidemic 
progresses. At the family level, food supplies drop precipitously 
when the first adult develops full-blown AIDS. This deprives the 
family not only of a worker in the fields, but also of the work time 
of the adult caring for the AIDS sufferer. A survey in Tanzania 
found that a woman whose husband had AIDS spent 60 percent 
less time tending the crops. Declines in food production from the 
epidemic have been reported in Burkina Faso, Cote d'lvoire, and 
Zimbabwe. In pastoral economies, such as Namibia, the loss of 
the male head of household is often followed by the loss of cattle, 
the family's livelihood. 20 

Sub-Saharan Africa, a region of 600 million people, is moving 
into uncharted territory. There are historical precedents for epi- 
demics on this scale, but not for such a concentrated loss of adults. 
The good news is that some countries are halting the spread of the 
virus. The key is strong leadership from the top. In Uganda, where 
the epidemic first took root, the active personal leadership of Presi- 
dent Yoweri Museveni over the last dozen years has reduced the 
share of adults infected with the virus from a peak of 14 percent 
down to 8 percent. In effect, the number of new infections has 
dropped well below the number of deaths from AIDS. Senegal also 
responded early to the threat from the virus. As a result, it pre- 
vented AIDS from gaining momentum and held the infection rate 
to 2 percent of its adults, a number only slightly higher than in 
industrial countries. 21 

Saving Africa depends on a Marshall Plan-scale effort on two 
fronts: one to curb the spread of HIV and the other to restore eco- 
nomic progress. Winning the former depends directly on Africa's 
national political leaders. Unless they personally lead, the effort 
will almost certainly fail. Once a leader outlines the behavioral 
changes needed to contain the virus — such as delaying first inter- 
course, reducing the number of sexual partners, and using 
condoms — then others can contribute. This includes the medical 
establishment within the country, religious leaders, nongovernmen- 
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tal groups, and international health and family planning agencies. 

To compensate for the "missing generation," countries will need 
assistance across the board in education. This is an area where the 
U.S. Peace Corps and its equivalents in other countries can play a 
central role, particularly in supplying the teachers needed to keep 
schools open. Social workers are needed to work with orphans. A 
program of financial assistance is necessary for the extended fami- 
lies trying to absorb the projected millions of orphans. 

Given the high cost of doing business in an AIDS-ridden soci- 
ety, special incentives in the form of tax relief are needed to attract 
corporate investors, incentives that could be underwritten by inter- 
national development agencies. And debt relief is essential to the 
rebuilding of sub-Saharan Africa. 

The bottom line is that there is no precedent in international 
development for the challenge the world now faces in Africa. The 
question is not whether we can respond to this challenge. We can. 
We have the resources to do so. If we fail to respond to Africa's 
pain, we may not only witness the economic decline of an entire 
continent, but in the process we will forfeit the right to call our- 
selves a civilized society. 

Filling the Family Planning Gap 

Given the immediate need to slow world population growth, it 
would be easy to assume that couples everywhere by now have 
access to family planning services. Unfortunately, despite the piv- 
otal influence of family planning services on the global future, there 
is still a huge gap between people who want to plan their families 
and their access to family planning services. 

The first step in stabilizing population is to remove the physical 
and social barriers that prevent women from using family plan- 
ning services. John Bongaarts of the Population Council reports 
that 42 percent of all pregnancies in the developing world are un- 
intended. Of these, 23 percent end in abortion. This leads Bongaarts 
to conclude that one third of projected world population growth 
will be due to unintended pregnancies. Of all the unmet social needs 
in the world today, none is more likely to adversely affect the hu- 
man prospect more than the unmet need for family planning. 22 

There are several reasons why couples are not planning their 
families despite their desire for fewer children. In many countries, 
such as Saudi Arabia and Argentina, government policies restrict 
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access to contraceptives. Geographic accessibility also affects use; 
in some rural areas of sub-Saharan Africa, it can take two hours or 
more to reach the nearest contraceptive provider. For those with 
low incomes, family planning services can be expensive. Even where 
family planning clinics are accessible, they are often underfunded, 
leaving them short of supplies and understaffed. 23 

Women who want fewer children may also be constrained from 
using family planning by a lack of knowledge, prevailing cultural 
and religious values, or the disapproval of family members. Studies 
have shown that a husband's opposition to family planning con- 
strains the efforts to limit family size in numerous countries, in- 
cluding Egypt, Guatemala, India, Nepal, and Pakistan. Moreover, 
some 14 countries require a woman to obtain her husband's con- 
sent before she can receive any contraceptive services, while 60 re- 
quire spousal authorization for permanent birth control methods. 
Although it has been argued that these practices lessen conflicts 
between spouses and health care personnel, they are serious im- 
pediments to a woman's ability to control her fertility. 24 

One way of reducing the unplanned pregnancies that account 
for a large share of world population growth is through medical 
abortions. A prescription drug used for many years in France to 
induce abortion, RU 486 (also known as mifepristone), is now 
available in several other European countries, the United States, 
China, India, Pakistan, and several smaller countries in Asia. An- 
other drug, methotrexate, used worldwide in cancer therapy, works 
well as a "morning after" pill when used in combination with 
misoprostol. This procedure, prescribed by many U.S. doctors be- 
fore RU 486 was approved in 2000, typically induces abortion 
within 72 hours. Although medical abortions are widely used in 
industrial countries, such as France and the United States, they are 
of even greater value in developing countries, where many people 
do not have access to family planning services and, even if they do, 
where supplies of contraceptives sometimes run out. 25 

Information about contraceptives and family planning for young 
men and women facilitates the use of birth control. In Thailand, 
people of all ages have been educated on the importance of family 
planning. Mechai Viravidaiya, the charismatic founder of the Thai 
Population and Community Development Association (PCDA), 
encouraged familiarity with contraceptives through demonstrations, 
ads, and witty songs. Math teachers even use population-related 
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examples in their classes. As a result of the efforts of Mechai, the 
PCDA, and the government, the growth of Thailand's population 
has slowed from more than 3 percent in 1960 to approximately 1 
percent in 2000 — the same as that of the United States. 26 

More recently, Iran has emerged as a leader in population policy. 
After the Islamic revolution in 1979, when Ayatollah Khomeini 
came to power, the family planning programs put in place by the 
Shah were dismantled. Khomeini exhorted women to have more 
babies to create "soldiers for Islam," pushing annual population 
growth rates to over 4 percent — some of the highest ever recorded. 
By the late 1980s, the social and environmental costs of such growth 
rates were becoming apparent. As a result, policy shifted. Religious 
leaders argued that having fewer children was a social responsibil- 
ity. Eighty percent of family planning costs were covered in the 
budget. Some 15,000 "health houses" were established to provide 
family planning and health services to Iran's rural population. As 
literacy levels among rural women climbed from 17 percent in 1976 
to nearly 90 percent, fertility dropped to an average of 2.6 children 
per woman. Within 15 years, Iran's population growth rate has 
fallen from over 4 percent a year to scarcely 1 percent, making it a 
model for other developing countries. 27 

A comparison of population trends in Bangladesh and Pakistan 
illustrates the importance of acting now. When Bangladesh was 
created in a split with Pakistan in 1971, the former had 66 million 
people and the latter 62 million, roughly the same population sizes. 
Then their demographic trends diverged. Bangladesh's political lead- 
ers made a strong commitment to reduce fertility rates, while the 
leaders in Islamabad wavered over the need to do so. As a result, 
the average number of children per family in Bangladesh today is 
3.3, compared with 5.6 in Pakistan. Each year the gap in the popu- 
lation trajectories of the two countries widens. By putting family 
planning programs in place sooner rather than later, Bangladesh — 
the poorer country — is projected to have 79 million fewer people 
than Pakistan in 2050. (See Figure 10-2.) 28 

The world now faces a similar choice. The United Nations 
projects that the number of people on the earth could reach any- 
where from 7.9 billion to 10.9 billion by 2050. According to its 
latest medium-level projections, population in the developing world 
is projected to rise from 4.9 billion in 2000 to 8.1 billion in 2050. 
Such an increase would likely lead to organizational overload and 
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ecosystem collapse in dozens of countries. 

Heading off such a prospect depends on filling the family plan- 
ning gap by ensuring that women everywhere have access to a full 
complement of family planning services, including the "morning 
after" pill. The second front in this worldwide effort to stabilize 
population is to help create the social conditions that will lead to 
smaller families, specifically by improving the status of women. 
George Moffett, author of Critical Masses, observes quite rightly 
that "There's a critical connection between a woman's productive 
role — the improved legal, educational, and economic opportuni- 
ties that are the source of empowerment — and a woman's repro- 
ductive role." 29 

In some developing countries, having many children is seen as a 
matter of survival: children are a vital part of the family economy 
and a source of security in old age. Institutions such as the Grameen 
Bank in Bangladesh, which specializes in microenterprise loans, 
are attempting to change this situation by providing credit to well 
over a million villagers — mostly impoverished women. These loans 
are empowering women, helping to end the cycle of poverty, and 
thus reducing the need for large families. 30 

Rapid economic growth is not always a prerequisite for reduced 
fertility rates. Bangladesh has reduced fertility rates from nearly 7 
children per woman in the early 1970s to 3.3 children today de- 



224 



ECO-ECONOMY 



spite incomes averaging only $200 a year, among the lowest in the 
world. In the struggle to slow population growth, government lead- 
ership, access to family planning services, and improvement in so- 
cial conditions are proving to be more important than the growth 
of a nation's economy. 31 

Slowly, governments are realizing the value of investing in popu- 
lation stabilization. One study found that the government of 
Bangladesh spends $62 to prevent a birth, but saves $615 on so- 
cial services expenditures for each birth averted — a 10-fold differ- 
ence in cost. Based on the study's estimate, the program prevents 
890,000 births annually. The net savings to the government total 
$547 million each year, leaving more to invest in education and 
health care. 32 

At the 1994 International Conference on Population and De- 
velopment in Cairo, the governments of the world agreed to a 20- 
year population and reproductive health program. The United 
Nations estimated that $17 billion a year would be needed for this 
effort by 2000 and $22 billion by 2015. (By comparison, $22 bil- 
lion is less than is spent every 10 days on military expenditures.) 
Developing countries and countries in transition agreed to cover 
two thirds of the price tag, while donor countries promised to pay 
the rest— $5.7 billion a year by 2000 and $7.2 billion by 2015. 33 

Unfortunately, while developing countries are largely on track 
with their part of the expenditures, having covered about two thirds 
of their allotted payments, donor countries have fallen far behind — 
honoring only one third of their commitment. As a result of short- 
falls following the Cairo conference, the United Nations estimated 
that there were an additional 122 million unintended pregnancies 
by 2000. An estimated one third of these were aborted. Moreover, 
an estimated 65,000 women who did not wish to be pregnant died 
in childbirth and 844,000 suffered chronic or permanent injury 
from their pregnancies. 34 

Slowing population growth depends on simultaneously creat- 
ing the social conditions for fertility decline and filling the family 
planning gap. "Global population problems cannot be put on hold 
while countries reform their health care, rebuild their inner cities, 
and reduce budget deficits]. Avoiding another world population 
doubling.. .requires rapid action," notes Sharon Camp, former vice 
president of Population Action International. The difference be- 
tween acting today and putting it off until tomorrow is the differ- 
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ence between population stabilizing at a level the earth can sup- 
port and population expanding until environmental deterioration 
disrupts economic progress. 35 

The Role of Female Education 

Over the last two decades, scores of studies have analyzed the rela- 
tionship between female education and fertility and have concluded 
that the more education women have, the fewer children they bear. 
A 1999 survey of research by the U.S. National Academy of Sci- 
ences (NAS) analyzes studies that compare countries with varying 
levels of female education and studies that examine changing levels 
of female education in individual countries over time. Both groups 
of studies support this basic hypothesis. 36 

The NAS study contrasts Sri Lanka and Pakistan, for example. 
Sri Lanka, which has a female literacy level of 87 percent for women 
over age 15, has a total fertility rate of just over two children per 
woman. In Pakistan, where only 24 percent of adult women can 
read and write, the fertility rate is 5.6 children. Pakistan is typical 
of most countries, but there are occasional exceptions. For example, 
in Jordan 86 percent of the women are literate, but the fertility rate 
is the same as in Pakistan. Bangladesh is also something of an 
anomaly, because although only 26 percent of its women are liter- 
ate, its fertility rate has dropped by half over the last generation. 37 

As the NAS survey notes, the relationship between educational 
level and fertility is not always a simple one. For example, while 
rising female educational levels lead to smaller family size, so does 
the desire to educate children. Once couples decide that they want 
to educate their children, including girls, they are faced with the 
cost of education. This in itself is apparently reducing family size. 38 

In Bangladesh, as noted earlier, the fertility rate was almost cut 
in half within 16 years. One factor apparently affecting family size 
was spreading land poverty as land was divided and subdivided 
from one generation to the next. Among families with relatively 
small plots of land to begin with, fragmentation leads to basic 
changes in thinking. At one time, economic security came from 
owning land. It was always a source of employment and food. But 
as the land per family shrinks, this security diminishes, leading many 
couples to define economic security for their children, and thus 
indirectly for themselves, in the form of a wage-paying job. Get- 
ting such a job requires education. This is costly, leading to a con- 
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scious reduction in family size that is not necessarily dependent on 
any gains in income or female literacy. 39 

Research in Bangladesh shows that thinking about family size 
is not occurring in a vacuum. As people are exposed to higher liv- 
ing standards elsewhere in the world, they begin to think about 
how to achieve the same thing for their children. Again, they come 
back to education. Investment in education is the key both to a 
better life for their children and to their old age security. Large 
families, which were an asset when there was more land to farm, 
have now become a liability. 

While sociologists have looked at the relation between educa- 
tion and family size, economists have looked at the economics of 
this relationship. Lawrence Summers, while Director of Research 
at the World Bank, pointed out that at prevailing levels of educa- 
tion, each additional year of female education reduces fertility by 
roughly 10 percent. Using this information to analyze the econom- 
ics of educating girls, he noted that raising female enrollment in 
primary school to the same level as that of males in developing 
countries would mean adding some 25 million girls to the current 
primary school enrollment. This, he estimated, would cost $938 
million per year. Gender balancing in secondary schools would mean 
adding 21 million girls to current enrollment at a cost of roughly 
$1.4 billion per year. 40 

Summers then went on to estimate that this investment of $2.3 
billion would yield a return of 20 percent annually. He noted that 
it was the most effective way of breaking the cycle of poverty. As 
female education levels rise, women have healthier, better-educated 
children, a gain that is typically passed from one generation to the 
next. The difficult part is the initial break out of poverty. 41 

This 20-percent annual return dwarfs that of almost any other 
investment in development. For example, the roughly $1 trillion 
that developing countries were planning to spend on new power 
generating facilities over the next decade would yield an annual 
return of at most 6 percent, and sometimes substantially less. Di- 
verting a small amount of investment from power generation to 
the education of girls and young women could both raise families 
out of poverty and accelerate development. 42 
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Using Soap Operas and Sitcoms 

While the attention of researchers has focused on the role of for- 
mal education in reducing fertility, soap operas on radio and tele- 
vision can even more quickly change people's attitudes about re- 
productive health, gender equity, family size, and environmental 
protection. A well-written soap opera can have a profound short- 
term effect on population growth. It costs little and can proceed 
even while formal educational systems are being expanded. 

This approach was pioneered by Miguel Sabido, a vice presi- 
dent of Televisa, Mexico's national television network. The power 
of this medium was first illustrated by Sabido when he did a series 
of soap opera segments on illiteracy. The day after one of the char- 
acters in his soap opera visited a literacy office wanting to learn 
how to read and write, a quarter-million people showed up at these 
offices in Mexico City. Eventually 840,000 Mexicans enrolled in 
literacy courses after watching the series. 43 

Sabido dealt with contraception in a soap opera entitled 
Acompaneme, which translates as Come With Me. According to 
one observer, "This serial, which ran over two years, featured a 
fairly typical, poor young family. The mother, a sympathetic but 
ignorant character, was desperate to stop at the three children she 
already had but didn't know how. Her husband, macho and lusty, 
resented her efforts to try the rhythm method. Over a period of 
time, and many melodramatic arguments and tears, the woman 
decided to seek the advice of another woman she knew who had 
'miraculously' restricted her family size. Eventually she learned 
about birth control. By the time she and her smiling husband walked 
out of the gynecologist's office with a prescription in hand, values 
had changed — in this family and among viewers — about ideal family 
size, about not having more children than one can afford and about 
the woman's role in her family." 44 

As these family planning soap operas continued over the next 
decade, the birth rate fell by 34 percent. In 1986, Mexico was 
awarded the United Nations Population Prize for its outstanding 
achievement in slowing population growth. David Poindexter, 
founder of Population Communications International (PCI) in 
1985, used his new organization to promote Sabido's model as a 
prototype for other countries. Today PCI is operating in 6 of the 
10 most populous countries — China, India, Brazil, Pakistan, Nige- 
ria, and Mexico. 45 
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In Kenya, PCI has developed a similarly oriented soap opera 
that has aired on the radio, the medium of choice for 96 percent of 
the country's people. After the highly popular early evening news, 
people stay tuned for a radio serial entitled Usbikwapo Sbikamana 
(which means If Assisted, Assist Yourself). With close to half the 
country's people following the twice weekly program, this has pro- 
vided an ideal vehicle for communicating information on a range 
of topics from reproductive health and family planning to environ- 
ment, gender equality, and protection from AIDS. These examples 
are but two of many that illustrate the success of radio and televi- 
sion in raising public understanding and in changing attitudes. 46 

Stopping at Two 

You do not need to be a mathematician to understand that there is 
no long-term alternative to having only two children per couple, 
the number needed for replacement. Joel Cohen, population ana- 
lyst at Rockefeller University, makes this point rather effectively. 
He notes that if the 1990 population growth rates in various re- 
gions had continued until 2150, there would be 694 billion people 
in the world. This compares with 6.1 billion people today. "No 
way," says Cohen. "Not enough water falls from the sky to satisfy 
the needs of such a vast human population." 47 

The basic arithmetic is not new. We have always known that a 
seemingly innocuous growth of 3 percent a year, a rate that has 
been common in many developing countries, would lead to a 20- 
fold increase in one century and a 400-fold increase in two centu- 
ries. Saudi Arabia today has 20 million people and a population 
that is expanding at this rate. If this were to continue throughout 
this century, it would have 440 million people in 2100 — more than 
the current population of North America. 

Or look at Nigeria, also growing at roughly 3 percent a year. A 
century from now, Nigeria's 114 million people would total 2.46 
billion. Considering that all of Africa is supporting 800 million 
today, it is impossible to visualize 2.46 billion people in Nigeria 
alone. It is hard to argue with Cohen's basic point that the only 
viable long-term option is two children per couple. A population 
that is growing, however slowly, will eventually overwhelm its life- 
support systems. Conversely, a population that is declining, how- 
ever slowly, will eventually disappear. 

The growth in world population over the last half-century is 
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sufficiently recent that we are still struggling to understand what it 
means. We may intuitively understand that a 20-fold increase in a 
century is not possible, but we have yet to come to terms with the 
reasons why. For some threats to our future we have designed re- 
sponse systems. For example, an outbreak of a deadly infectious 
disease such as the Ebola virus sets off programmed responses to 
contain and eradicate it. This response involves the World Health 
Organization, the U.S. Centers for Disease Control and Preven- 
tion, and the appropriate agencies in the government of the county 
affected. And if the currency of a country like Indonesia or Russia 
collapses, the international monetary system is programmed to re- 
spond to that threat. Such is not the case when population growth 
crosses key support system thresholds. 

When the water use of a growing population surpasses the sus- 
tainable yield of an aquifer and the water table starts to fall, there 
is no alarm system that triggers a response in the councils of gov- 
ernment. As a result, the gap between the demand for water and 
the sustainable yield of the aquifer widens. Each year, the drop in 
the aquifer is greater than the year before, setting the stage for an 
eventual dramatic reduction in the water supply as an aquifer is 
depleted and the amount pumped out is reduced to the recharge 
level. If overpumping is extensive, the drop in water supply could 
be traumatic, disrupting food production. 

Unfortunately, no one regularly measures the water table level 
under the North China Plain, the Punjab in India, or the southern 
Great Plains of the United States, announcing when overpumping 
begins, how much water is left, and when the aquifer will be de- 
pleted. As a result, instead of societies planning for a soft landing 
by bringing the demand for water into balance with sustainable 
yield, they keep going until the inevitable crash occurs. 

Societies with water demands surpassing the sustainable yield 
of the aquifers and desiring more water per person in the future 
will have to consider the possibility of reducing population size, a 
trend already under way in some European countries. This means 
shifting not to a two-child family, but to a one-child family. 

In countries where rural populations continue to grow and hold- 
ings are divided among the children in each generation, the land 
per family eventually shrinks to the point where survival is threat- 
ened. Halting the fragmentation that is creating a nightmarish situ- 
ation in many rural communities in Africa and Asia depends either 
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on moving quickly to replacement-level fertility or accepting mas- 
sive rural-urban migration. 

Although population projections for the world have been avail- 
able since the 1950s, remarkably little has been done to analyze 
the relationship between the size of current and future populations 
and the earth's capacity to satisfy people's needs for basic resources, 
such as water and cropland. Demographers who do the projec- 
tions have long since abandoned this area as a field of research. In 
his 1996 book How Many People Can the Earth Support?, Joel 
Cohen analyzed the 1992 and 1993 annual meetings of the Popu- 
lation Association of America, where there were some 200 sympo- 
sia. Not one of these panels attempted to analyze the relationship 
between projected population growth and the earth's natural re- 
source base. 48 

The good news is that the world is making progress in achiev- 
ing replacement-level fertility. Fifty-four countries have now reduced 
average family size to two children or less. (See Table 10-1.) To- 
gether these countries contain 2.5 billion people. Family size in 
China, at 1.8 children per couple, is now below the level in the 
United States (2.1). Even so, the large number of young people 
reaching reproductive age in China means that the population is 
still expected to reach 1.49 billion by 2038, before its numbers 
begin to decline, dropping to 1.46 billion in 2050. Some countries 
have seen fertility drop well below replacement level. For example, 
Russia's fertility rate is 1.2 children. As a result of this decline, and 
a rise in mortality over the last decade, Russia's population of 144 
million is now declining by 900,000 per year. Other countries where 
population is beginning to decline include Bulgaria, the Czech Re- 
public, Italy, and the Ukraine. 49 

Despite these trends, the threat of continuing population growth 
in more than a hundred developing countries is all too real. Per- 
haps the most dangerous educational gap is the lack of understand- 
ing of the relationship between family size, the longer-term popu- 
lation trajectory, and the future availability of resources per person. 
Filling this gap requires projections that link a range of family sizes — 
say, two, four, or six children — to the future availability of land, 
water, and other basic resources. Without this information, indi- 
viduals may simply not understand the urgency of shifting to smaller 
families. And of even more concern, political leaders will not be 
able to make responsible decisions on population and related poli- 
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Table 10-1. Fertility Levels in Selected Countries in 2001 

Average Number 

of Children Population, 
Country Per Woman 1 Mid-2001 





(number) 


(million) 


Countries with Fertility at 






UI DC1UW IvCpiaCCIIlCIll -LCVC1 






Russia 


1.2 


144 


Italy 


1.2 


58 


Japan 


1.3 


127 


Germany 


1.3 


82 


Poland 


1.4 


39 


Australia 


1.7 


19 


United Kingdom 


1.7 


60 


China 


1.8 


1,273 


France 


1.8 


59 


United States 


2.1 


285 


Countries with Fertility 






Above Replacement Level 






Brazil 


2.4 


172 


Indonesia 


2.7 


206 


India 


3.2 


1,033 


Pakistan 


5.6 


145 


Tanzania 


5.6 


36 


Saudi Arabia 


5.7 


21 


Nigeria 


5.8 


127 


Ethiopia 


5.9 


65 


Dem. Rep. of Congo 


7.0 


54 


Yemen 


7.2 


18 



'The average number of children born to a woman in her lifetime is also known as the 
Total Fertility Rate. Replacement -level fertility is an average of 2.1 children per 
woman. 

Source: Population Reference Bureau, 2001 World Population Data Sheet, wall chart 
(Washington, DC: 2001). 



cies, such as investment in family planning services. 

Discussions of future population growth in this chapter use the 
U.N. medium projections, those that have world population going 
from 6.1 billion at present to 9.3 billion by 2050. There is also a 
high projection, which has human numbers approaching 11 bil- 
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lion by 2050, and a low projection, which has population peaking 
at 7.9 billion in 2046 and then declining. (See Figure 10-3. ) 50 

This low number assumes that the entire world will quickly 
move below replacement-level fertility to 1.7 children per couple. 
This is not only achievable, it is the only humane population op- 
tion. Otherwise the land and water scarcity that is already increas- 
ing hunger and deaths in some countries could spread to many 
more. 

Achieving this lower figure is the responsibility of national po- 
litical leaders, but unless world leaders — the Secretary-General of 
the United Nations, the President of the World Bank, and the Presi- 
dent of the United States — urge governments and couples every- 
where to adopt a goal of two surviving children per couple, re- 
source constraints will likely lead to economic decline. The issue 
today is not whether individual couples can afford more than two 
children, but whether the earth can afford for couples to have more 
than two children. 
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© 2001 Earth Policy Institute®. All Rights Reserved. 
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Tools for Restructuring 
the Economy 



In Chapter 1, I cited 0ystein Dahle's warning that the failure of 
prices to tell the ecological truth could undermine capitalism, just 
as the failure of prices to tell the economic truth undermined so- 
cialism. The Chinese recognized this risk of prices not telling the 
ecological truth when they banned tree cutting in the Yangtze river 
basin following the near-record flooding in 1998. They said that a 
tree standing was worth three times as much as a tree cut. If they 
had included not only the flood control value of trees but also the 
value in recycling rainfall to the country's interior, a tree standing 
might easily be worth six times as much as a tree cut. 1 

The use of a highly valued resource such as a tree for a lowly 
valued purpose such as lumber imposes an economic cost on soci- 
ety. Similarly, since the price of a gallon of gasoline does not in- 
clude the cost of climate change, it too imposes a cost on society. If 
losses such as these, now occurring on an ever larger scale, keep 
accumulating, the resulting economic stresses could bankrupt some 
countries. 

The key to sustaining economic progress is getting prices to tell 
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the ecological truth. Ecologists and economists — working to- 
gether — can calculate the ecological costs of various economic ac- 
tivities. These costs can then be incorporated into the market price 
of a product or service in the form of a tax. Additional taxes on 
goods and services can be offset by a reduction in income taxes. 
The issue in "tax shifting," as the Europeans call it, is not the level 
of taxes but what they tax. 

There are several policy instruments that can be used to restruc- 
ture the economy, including fiscal policy, government regulation, 
eco-labeling, and tradable permits. But restructuring the tax sys- 
tem is the key to eliminating the crippling economic distortions. 
Tax policy is particularly effective because it is systemic in nature. 
If taxes raise the price of fossil fuels to reflect the full cost of their 
use, this will permeate the economy, affecting all energy-related 
economic decisions. 

Today's fiscal systems, a combination of subsidies and taxes, 
reflect the goals of another era — a time when it was in the interest 
of countries to exploit their natural resources as rapidly and com- 
petitively as possible. That age has ended. Now natural capital is 
the scarce resource. The goal is to restructure the fiscal system so 
that the prices reflect the truth, protecting the economy's natural 
supports. 

It is not easy to grasp the scale and urgency of the needed re- 
structuring. Reestablishing a stable, sustainable relationship between 
the global economy and the earth's ecosystem depends on restruc- 
turing the economy at a pace that historically has occurred only in 
wartime. When national security is threatened, governments take 
extreme measures, such as drafting able-bodied men into the armed 
forces, commandeering natural resources, and sometimes even tak- 
ing over strategic industries. Although it may not yet be obvious to 
everyone, we may well be facing a threat that is comparable in 
scale and urgency to a world war. 

The Fiscal Steering Wheel 

Fiscal policy is an ideal policy instrument for building an eco- 
economy because both taxes and subsides are widely used and work 
through the market. By relying primarily on these two tools to 
build an eco-economy, we capitalize on the market's strengths, in- 
cluding its inherent efficiency in allocating resources. The challenge 
is to use taxes and subsidies to help the market reflect not only the 
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direct costs and benefits of economic activities but the indirect ones 
as well. If we use fiscal policy to encourage environmentally con- 
structive activities and to discourage destructive ones, we can steer 
the economy in a sustainable direction. 

Some environmental goals — such as limiting the catch in a fish- 
ery or properly disposing of nuclear waste — can be achieved only 
by government regulation. Edwin Clark, former senior economist 
with the White House Council on Environmental Quality, observes 
that some of the other tools discussed here, such as tradable per- 
mits, "require establishing complex regulatory frameworks, defin- 
ing the permits, establishing the rules for trades, and preventing 
people from acting without permits." In some cases, it is simply 
more efficient to ban environmentally destructive activities than to 
try to tax them out of existence. While the advantage has shifted 
toward the use of tax policy in achieving environmental goals, there 
is still a role for regulation to play. 2 

A major weakness of the market is that while nature's goods — 
lumber, fish, or grain — move through the market, many of nature's 
services do not. Since there is no bill rendered for pollinating crops, 
controlling floods, or protecting soil from erosion, these services 
are often thought of as free. And because they have no apparent 
market value, they are often not protected. Fiscal policy can be 
used to compensate for this shortfall as well. 

A market that tells the ecological truth will incorporate the value 
of ecosystem services. For example, if we buy furniture from a for- 
est products corporation that engages in clearcutting, we pay the 
costs of logging and converting the logs into furniture, but not the 
costs of the flooding downstream. If we restructure the tax system 
and raise taxes on clearcutting timber so that its price reflects the 
cost to society of the resultant flooding, this method of harvesting 
timber likely would be eliminated. 

Taxes designed to incorporate in their prices the environmental 
costs of producing goods or providing services enable the market 
to send the right signal. They discourage such activities as coal 
burning, the use of thro wa way beverage containers, or cyanide gold 
mining. Subsidies can be used to encourage such activities as plant- 
ing trees, using water more efficiently, and harnessing wind energy. 
Environmental taxes and subsidies also can be used to represent 
the interests of future generations in situations where traditional 
economics simply discounts the future. 
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The advantage of using fiscal policy to incorporate the indirect 
environmental cost is that economic decisions at all levels — from 
those made by political leaders and corporate planners to those 
made by individual consumers — are guided by the market. It has a 
pervasive influence. If it tells the ecological truth, it minimizes the 
information that individual decisionmakers need to make an envi- 
ronmentally responsible decision. 

Tax Shifting 

Tax shifting involves changing the composition of taxes but not 
the level. It means reducing income taxes and offsetting them with 
taxes on environmentally destructive activities such as carbon emis- 
sions, the generation of toxic waste, the use of virgin raw materi- 
als, the use of nonrefillable beverage containers, mercury emissions, 
the generation of garbage, the use of pesticides, and the use of throw- 
away products. This is by no means a comprehensive list, but it 
does include the more important activities that should be discour- 
aged by taxing. There is wide agreement among environmental sci- 
entists on the kinds of activities that need to be taxed more. The 
question now is how to generate public support for the wholesale 
tax shifting that is needed. 

In this area, Europe is well ahead of the United States, largely 
because of the pioneering efforts of Ernst von Weizsacker, formerly 
head of the Wuppertal Institute and now a member of the German 
Bundestag. He not only pioneered this concept, but has provided 
ongoing intellectual leadership on the issue. 3 

The way tax shifting works can be seen in the table compiled by 
Worldwatch researcher David Roodman. (See Table 11-1.) It looks 
at Europe, where most of the shifting has occurred, and gives a 
sense of how nine countries have reduced taxes on personal in- 
come or wages while increasing them on environmentally destruc- 
tive activities. Sweden was the first country to begin this process, 
with a program to lower taxes on personal income while raising 
them on carbon and sulfur emissions to discourage the burning of 
fossil fuels, particularly those with high sulfur content. For several 
years, only the smaller countries of Europe, such as Denmark, the 
Netherlands, and Sweden, followed this path. But during the late 
1990s, France, Germany, Italy, and the United Kingdom joined in. 

Tax shifting has appeal in Europe in part because it creates jobs, 
an issue of concern in a region plagued with high unemployment. 
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Table 11-1. Shifting Taxes from Income to Environmentally 
Destructive Activities 



Country, 
First Year 
in Effect 



Taxes 
Cut on 



Taxes 
Raised on 



Revenue 
Shifted 1 



Sweden, 1991 personal 
income 

Denmark, 1994 personal 
income 



Spain, 1995 



wages 



Denmark, 1996 wages, 

agricultural 
property 

Netherlands, personal 
1996 income 

and wages 

United Kingdom, wages 
1996 



carbon and sulfur emissions 



landfilling 



(percent) 
1.9 



motor fuel, coal, electricity, 2.5 
and water sales; waste 
incineration and landfilling; 
motor vehicle ownership 

motor fuel sales 0.2 

carbon emissions from 0.5 
industry; pesticide, chlorinated 
solvent, and battery sales 

natural gas and electricity sales 0.8 



0.1 



energy sales, landfilling 



Finland, 1996 personal 
income 
and wages 

Germany, 1999 wages energy sales 



0.5 



2.1 



Italy, 1999 wages fossil fuel sales 

Netherlands, personal energy sales, landfilling, 
1999 income household water sales 

France, 2000 wages solid waste; air and water 

pollution 



0.2 
0.9 

0.1 



'Expressed relative to tax revenue raised by all levels of government. 
Source: Adapted from David Malin Roodman, "Environmental Tax Shifts Multiplying," 
in Lester R. Brown et al, Vital Signs 2000 (New York: W.W. Norton & Company, 
2000), pp. 138-39. 
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Shifting from the use of virgin raw materials to recycled materials, 
for example, not only reduces environmental disruption, it also 
increases employment since recycling is more labor-intensive. This 
was one of the reasons Germany adopted a four-year plan of gradu- 
ally reducing taxes on incomes while increasing those on energy 
use in 1999. When completed, this will shift 2.1 percent of total 
revenue generated; with an annual revenue budget of nearly $1 
trillion, it would shift $20 billion a year. Denmark leads the way in 
the amount of taxes being shifted, with a total of 3 percent moved 
thus far by measures adopted in 1994 and 1996. The Danish gov- 
ernment taxes the use of motor fuels, the burning of coal, the use 
of electricity, landfilling, and ownership of motor vehicles. The tax 
on the purchase of a new car in Denmark is typically higher than 
the price of the vehicle itself. 4 

The Netherlands, a country with an advanced industrial 
economy concentrated in a small land area, uses taxes to curb the 
release of heavy metals, including cadmium, copper, lead, mercury, 
and zinc. Between 1976 and the mid-1990s, the industrial discharge 
of these various elements fell 86-97 percent each. The Dutch firms 
that developed the pollution control equipment used to achieve 
these reductions gained an edge on firms in other countries, greatly 
expanding their export sales and earnings. 5 

The environmentally destructive activities now taxed in Europe 
include carbon emissions, sulfur emissions, coal mining, landfilling, 
electricity sales, and vehicle ownership. Countries elsewhere might 
tax other activities to reflect their particular circumstances. Among 
these might be taxes on excessive water use, the conversion of crop- 
land to nonfarm uses, tree cutting, pesticide use, and the use of 
cyanide in gold mining. Over time, taxes on environmentally de- 
structive activities could increase substantially, perhaps one day 
accounting for the lion's share of tax collection. 

Governments typically take care to ensure that environmental 
taxes are not socially regressive. David Roodman describes how 
Portugal has avoided this with its tax on water, an increasingly 
scarce resource in this semiarid country. The town of Setubal pro- 
vides households with 25 cubic meters of water per month that is 
tax-free. It then "terraces" additional water taxes, raising the tax 
through three successively higher levels of consumption. 6 

The concept of taxing environmentally destructive activities re- 
ceived a major boost in the United States in November 1998 when 
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the U.S. tobacco industry agreed to reimburse state governments 
$251 billion for past Medicare costs of treating smoking-related 
illnesses. This was, in effect, a retroactive tax on the billions of 
packs of cigarettes sold in the United States during the preceding 
decades. It was a staggering sum of money — nearly $1,000 for ev- 
ery American. This was a tax on cigarette smoke, a pollutant that 
is so destructive to human health that it may cause more damage 
than all other pollutants combined. 7 

This "tax" that the industry is paying on past damage associ- 
ated with smoking will be funded by raising the price of cigarettes. 
Between January 1998 and April 2001, the average U.S. wholesale 
price of cigarettes climbed from $1.33 per pack to $2.21, a 66- 
percent increase in two years. It is expected to climb further, help- 
ing to discourage cigarette smoking. 8 

Another value of environmental taxes is that they communicate 
information. When a government taxes a product because it is en- 
vironmentally destructive, it tells the consumer that it is concerned 
about this. And restructuring the tax system has a systemic effect, 
steering millions of consumer decisions in an environmentally sus- 
tainable direction every day — ranging from how to get to work to 
what to order for lunch. 

Tax shifting to achieve environmental goals has broad support. 
Polls taken in the late 1990s in both the United States and Europe 
show overwhelming support for the concept once it is explained. 
On both sides of the Atlantic, support of the electorate is 70 per- 
cent or greater. Tax shifting is also an attractive economic tool be- 
cause it can be used to achieve so many environmental goals. Once 
it is used in one context, it can easily be applied in others. 9 

If the world is to restructure the economy before environmental 
destruction leads to economic decline, tax restructuring almost cer- 
tainly will be at the center of the effort. No other set of policies can 
bring about the systemic changes needed quickly enough. In an 
article in Fortune magazine that argued for a 10-percent reduction 
in U.S. income taxes and a 500-per-gallon hike in the tax on gaso- 
line, Harvard economist N. Gregory Mankiw summarized his think- 
ing as follows: "Cutting income taxes while increasing gasoline 
taxes would lead to more rapid economic growth, less traffic con- 
gestion, safer roads, and reduced risk of global warming — all with- 
out jeopardizing long-term fiscal solvency. This may be the closest 
thing to a free lunch that economics has to offer." 10 
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Subsidy Shifting 

In 1997, the Earth Council published a study entitled Subsidizing 
Unsustainable Development. Its purpose was to identify and tabu- 
late environmentally destructive governmental subsidies. It found 
an astonishing number of examples — at least $700 billion worth 
per year. The authors noted, "There is something unbelievable about 
the world spending hundreds of billions of dollars annually to sub- 
sidize its own destruction." 11 

In effect, governments were spending $700 billion of taxpayers' 
money a year to encourage the use of water, the burning of fossil 
fuels, the use of pesticides, fishing, and driving. The report docu- 
mented countless examples of taxpayers subsidizing the use of water 
in countries where water tables are falling. Governments are spend- 
ing billions of dollars each year to encourage the use of fossil fuels 
at a time when both atmospheric carbon dioxide levels and public 
concern about climate change are rising. Additional billions are 
being spent to expand the world fishing fleet when its capacity is 
already nearly double the sustainable catch. 12 

Just as we use taxes to discourage destructive activities, we can 
use subsidies to encourage environmentally constructive activities, 
financing them by shifting funds from environmentally destructive 
subsidies. If these subsidies of $700 billion per year were shifted 
into funding environmentally constructive activities, such as invest- 
ing in renewable energy, tree planting, family planning, and the 
education of young women in developing countries, our future 
could be far brighter. 13 

In his seminal work on fiscal restructuring for environmental 
purposes, The Natural Wealth of Nations, David Roodman ob- 
serves: "Few public policies are as unpopular in theory and popu- 
lar in practice as subsidies. The very word can make economists 
shudder and taxpayers fume, turn the poor into cynics, and enrage 
environmentalists." Despite this common response, some of our 
greatest achievements — from ending the Dust Bowl to developing 
the Internet — were based on government subsidies. 14 

The principal activities worldwide that are subsidized are food 
production, automobile driving, and fossil fuel use. Within agri- 
culture, governments subsidize the use of irrigation water, crop 
production, the use of fertilizers and pesticides, and the consump- 
tion of food itself. Almost all governments subsidize irrigation water, 
keeping the food produced with it artificially low in price. The 
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Punjab, India's breadbasket state, went a step further when the 
chief minister gave farmers free electricity in return for their politi- 
cal support. In a state where irrigation pumps are powered by elec- 
tricity, this dramatically lowered the price of water, encouraging its 
use at a time when overpumping was already lowering the water 
table. By accelerating aquifer depletion, the time in which to adjust 
to the eventual decline in the groundwater supply is reduced. Ex- 
panding food production by overpumping creates a false sense of 
food security. In contrast to India, China's recent decision to phase 
in a water price increase in steps over the next five years is a giant 
step toward reducing the subsidization of water use. 15 

Some countries subsidize food consumption. Iran subsidizes 
bread consumption to the tune of $4 billion a year, or $63 per 
person. The government buys wheat from farmers at roughly 700 
per kilogram, makes it into flour, and then sells it to bakeries at 2<f 
per kilogram. This across-the-board subsidy, which encourages con- 
sumption by the affluent as well as the poor, is also an indirect 
subsidy to the use of irrigation water, one of the country's scarcest 
resources. 16 

Another subsector of the world food economy that is heavily 
subsidized is oceanic fishing. Originally, coastal countries subsi- 
dized fishing to develop this basic industry and take advantage of a 
locally available supply of animal protein. More recently, subsidies 
have been designed to ensure that each country maximized its share 
of the oceanic fish catch. Over the last two decades, this practice 
has spread, until today the capacity of the world fishing fleet is 
roughly double the sustainable yield of oceanic fisheries. This leads 
to overfishing and the destruction of the fisheries themselves, an 
excellent example of the law of unintended consequences. 17 

Extraction industries, particularly in mining and forestry, are 
another major recipient of subsidies. Coal mining, for example, is 
now heavily supported in some countries because the cost of ex- 
tracting coal from an ever greater depth in old mines has increased. 
But coal mining is declining sharply in a number of countries, in- 
cluding the United Kingdom, where the Industrial Revolution be- 
gan, and China, the world's largest user of coal. Belgium has phased 
out coal mining entirely. 18 

Germany, however, continues to subsidize coal mining. German 
subsidies, designed to protect the jobs of miners, have reached lev- 
els that defy belief. From 1983 to 1991, subsidies climbed per miner 
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from "a generous $21,700 to a lavish $85,800," as Roodman put 
it. He notes that it would be cheaper for Germany simply to close 
the mines and pay the miners not to work. 19 

This contrasts sharply with the situation in China, which 
abruptly cut its coal subsidies from $750 million in 1993 to $240 
million in 1995. In addition, China has introduced a tax on high 
sulfur coals. China's largest cities — with some of the worst air pol- 
lution in the world, largely due to burning coal — are even banning 
coal use. Beijing, Shanghai, Lanzhou, Xi'an, and Shenyan are plan- 
ning to phase out coal use entirely. The combination of bold sub- 
sidy reductions and the new tax on high sulfur coal cut China's 
coal use by an estimated 14 percent between 1996 and 2000. (See 
Figure 11-1.) This provides an excellent example of the effective 
use of fiscal policy to reach the environmental goals of reducing 
local air pollution and global carbon emissions. In addition, China 
is subsidizing an ambitious plan to develop its wind resources, gen- 
erating electricity to reduce further its reliance on coal. In effect, it 
is shifting subsidies from coal to wind. 20 

Tree cutting is also subsidized by governments for various rea- 
sons. For example, the government of the Australian state of Victoria 
pays logging companies $170 million more each year to get timber 
out than the wood is worth. A similar situation used to exist in the 
United States, where for decades U.S. taxpayers financed the con- 
struction of roads into national forests to facilitate clearcutting by 



Million Tons 
1,200 1 




1940 l$m I960 1970 19K0 1990 2000 2Q10 



h'iyim- 1 1-1 . Cruil Consumption in China, 
1950-2000 



Tools for Restructuring the Economy 



243 



timber companies. In 1999, the U.S. Forest Service, the govern- 
ment agency responsible for the management of national forests, 
announced a moratorium on the construction of new roads in na- 
tional forests. 21 

A study by the World Resources Institute indicates that U.S. 
government subsidies of automobile use, including construction 
and maintenance of highways, highway patrols, and other sup- 
ports to motorists, exceed the taxes paid on motor fuel, vehicle 
purchases, and license plates by $111 billion per year. This means 
that automobile driving is being heavily subsidized by those who 
do not even own a car. 22 

The Earth Council's 1997 report observes, "The car has liber- 
ated individuals just as surely as it has enslaved societies. Every day 
vast reaches of prime agricultural land are paved and offered up as 
sacrifices. Every month the population equivalence of entire towns 
perish from road accidents and automobile pollution." 23 

These destructive subsidies are but a few of those that need to 
be eliminated. The challenge now is to shift subsidies from envi- 
ronmentally destructive activities to ones that will help build an 
eco-economy. 

The use of subsidies for environmentally constructive purposes 
is not new. For example, in 1934 the U.S. Congress created the Soil 
Conservation Service, a nationwide agency with employees in ev- 
ery state whose responsibility was to protect the agricultural re- 
source base for future generations. Farmers were paid to plant wind- 
breaks, to strip-crop, and to adopt other cropping practices that 
would protect their soils from wind erosion. This reduced soil ero- 
sion, helping to bring the disastrous Dust Bowl era to an end. 24 

A more recent example of subsidies playing a strategic environ- 
mental role is tax credits for investment in wind electricity genera- 
tion two decades ago. On the heels of the energy crisis of the 1970s, 
the U.S. government provided tax incentives for those investing in 
renewable sources of energy, such as wind. At the same time, Cali- 
fornia adopted a strong tax incentive for wind power. Together 
these led to a large investment in wind in California and the cre- 
ation of a new industry, one that used advanced technologies to 
convert wind energy into electricity. 25 

When these two tax incentives were discontinued, progress on 
wind power in the United States came to a near standstill. Mean- 
while, the large but short-lived U.S. market led Europeans to start 
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investing in wind energy, including in a wind turbine manufactur- 
ing industry. The Danes, who had also introduced wind energy 
subsidies, continued to develop the technology and to expand their 
capacity. Ironically, the principal beneficiary of the California tax 
incentive was Denmark, which now leads the world in wind en- 
ergy generation per person and in manufacturing wind turbines. It 
is an excellent example of how a modest subsidy can launch a new 
industry. 26 

In recent years, a new U.S. wind production tax credit has en- 
couraged heavy investment in wind farms in Colorado, Iowa, Kan- 
sas, Minnesota, Oregon, Pennsylvania, Texas, Washington, Wyo- 
ming, and other states. Strong fiscal incentives to invest in wind 
energy encouraged the private development of more-efficient wind 
turbines. The resulting precipitous drop in costs of wind electric 
generation explains the 24-percent annual worldwide growth in 
wind electric generation from 1990 to 2000 and the projected 60- 
percent growth in the United States in 2001. As the industry has 
evolved and grown, it has reached the point where some invest- 
ments in wind power are now being made without subsidies. 27 

Tax credits were also used to subsidize investments in energy 
efficiency beginning in the late 1970s. This, too, paid large divi- 
dends, but as a policy instrument it was neglected after oil prices 
dropped from their highs of the late 1970s and early 1980s. With 
the rise in oil prices during the last half of 2000, public attention is 
again shifting to efficiency and renewables. 

The potential for building an environmentally sustainable 
economy by restructuring subsidies is enormous. The economics 
of shifting from destructive subsidies to constructive ones is as at- 
tractive as the logic is compelling. Today we should be subsidizing 
not mining but recycling, not fossil fuels but climate-benign energy 
sources, and not urban automobile dependency but state-of-the- 
art urban rail systems. 

Ecolabeling: Voting with Our Wallets 

Labeling products that are produced with environmentally sound 
practices lets consumers vote with their wallets. Ecolabeling is now 
used in many sectors of the economy, including to identify energy- 
efficient household appliances, forest products from sustainably 
managed forests, fishery products from sustainably managed fish- 
eries, and "green" electricity from environmentally friendly renew- 
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able sources. 

Among the youngest of the ecolabels is that awarded by the 
Marine Stewardship Council (MSC) for seafood. In March 2000, 
the MSC launched its fisheries certification program when it ap- 
proved the Western Australia Rock Lobster. Also earning approval 
that day was the West Thames Herring Fishery. Among the key 
players in the seafood processing and retail sectors supporting the 
MSC initiative were Unilever, Youngs-Bluecrest, and Salisbury's. 28 

In September 2000, the Alaska salmon fishery received its certi- 
fication, the first American fishery to do so. Brendan May, chief 
executive of the MSC, in referring to the Alaska salmon fishery, 
said, "With its high profile and international market penetration, 
it is the perfect product to carry our ecolabel, telling consumers 
that it is the best environmental choice in seafood. This is a triple 
victory for Alaska, for the marine environment, and for seafood 
consumers everywhere." 29 

To be certified, a fishery must demonstrate that it is being man- 
aged sustainably. Specifically, according to the MSC: "First, the 
fishery must be conducted in a way that does not take more fish 
than can be replenished naturally or kills other species through 
harmful fishing practices. Secondly, the fishery must operate in a 
manner that ensures the health and diversity of the marine ecosys- 
tem on which it depends. Finally, the fishery must respect local, 
national, and international laws and regulations for responsible 
and sustainable fishing." 30 

The MSC's counterpart for forest products is the Forest Stew- 
ardship Council (FSC), which was founded in 1993 by the World 
Wide Fund for Nature (WWF) and other groups. Its role is to pro- 
vide information on forest management practices within the forest 
products industry. Some of the world's forests are managed to sus- 
tain a steady harvest in perpetuity; others are clearcut, decimated 
overnight in the quest for quick profits. The FSC distinguishes be- 
tween these two forms of management in its labels for forest prod- 
ucts, whether it be lumber sold at a hardware store, furniture in a 
furniture store, or paper in a stationery store. 31 

Headquartered in Oaxaca, Mexico, the FSC in effect accredits 
national organizations that verify that forests are being sustainably 
managed. In addition to this on-the-ground monitoring, the ac- 
credited organizations must also be able to trace the raw product 
through the various stages of processing to the consumer. The FSC 
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sets the standards and provides the FSC label, the stamp of ap- 
proval, but the actual work is done by national organizations. 32 

The FSC has established nine principles that must be satisfied if 
forests are to qualify for its label. Those managing the forests must 
have a written plan that describes the objectives and the means of 
achieving them. The management plan must respect the rights of 
indigenous peoples who live in the forests or have the responsibil- 
ity for the forested land. There are numerous other principles, but 
the central one is that the forest is managed in a way that ensures 
that its yield can be sustained indefinitely. This means careful selec- 
tive cutting, in effect mimicking nature's management of a forest 
by removing the more mature, older trees over time. Simply stated, 
the management preserves the capacity of the forest to provide both 
products and services. 33 

WWF describes the certification system as a way of "identifying 
wood and wood products that come from well managed sources 
anywhere in the world backed up by a label that would be clear, 
unambiguous, and easily recognized. " This provides consumers with 
the information they need to support good forestry through their 
purchases of forest products. By identifying timber companies and 
retailers that are participating in the certification program, socially 
minded investors also have the information they need for respon- 
sible investing. 34 

In March 1996, the first certified wood products were intro- 
duced into the United Kingdom. Since then, the certification pro- 
cess has grown worldwide. As of June 2001, some 24 million hect- 
ares of forests had been certified under the auspices of the FSC. 
This area included more than 300 forests in 45 countries. 35 

To support this certification program, forest and trade networks 
have been set up in Austria, Brazil, Canada, France, Germany, the 
Nordic countries, Russia, Spain, Switzerland, the United Kingdom, 
and the United States. These networks, whose combined corporate 
membership may reach 1,000 by the end of 2001, are part of the 
vast support group of companies that adhere to the FSC standards 
in their marketing. Among the world's five largest wood buyers, 
the top three — Home Base, Home Depot, and Ikea — buy only FSC- 
certified wood. 36 

In June 2001, the Natural Resources Ministry in Moscow an- 
nounced that it was introducing national mandatory certification 
of wood. Although a small portion of its timber harvest is already 



Tools for Restructuring the Economy 



247 



certified, buyers' discrimination against the rest of the harvest costs 
Russia $1 billion in export revenues. The ministry estimates that 
its uncertified wood sells for 20-30 percent less than certified wood 
from competing countries. 37 

Another commodity that is getting an environmental label is 
electricity. In the United States, many state utility commissions are 
requiring utilities to offer consumers a green power option. This is 
defined as power from renewable sources other than hydroelectric, 
and it includes wind power, solar cells, solar thermal energy, geo- 
thermal energy, and biomass. Utilities simply enclose a return card 
with the monthly bill, giving consumers the option of checking a 
box if they would prefer to get green power. The offer specifies the 
additional cost of the green power, which typically is from 3 to 15 
percent. 38 

Utility officials are often surprised by how many consumers sign 
up for green power. Many people are apparently prepared to pay 
more for their electricity in order to help ensure a stable climate for 
future generations. Local governments, including, for example, 
those in Santa Monica and Oakland in California, have signed up 
to use green power exclusively. This includes the power they use 
for municipal buildings as well as that required to operate various 
municipal services, such as street lights and traffic signals. 39 

Many corporations are signing up as well. Toyota's North Ameri- 
can marketing headquarters in California, with some 7,000 em- 
ployees, has opted for green power. Literally scores of companies 
in California — some larger, like Kinko's and Patagonia, and many 
smaller ones — are subscribing. Even colleges and universities are 
getting in on the act. In April 2000, as an Earth Day project, stu- 
dents at the University of Colorado sponsored a referendum that 
committed themselves to an increase in student fees of $1 per se- 
mester in exchange for the university's purchase of green power. 
The measure was approved by an overwhelming 85 percent of the 
voters. In the San Francisco Bay area, some 30 churches are also 
subscribing to green power. Within the Episcopal church, a group 
called Episcopal Power and Light has launched a nationwide ef- 
fort to get not only churches to buy green power, but their mem- 
bers as well. 40 

The net effect of these growing numbers of green power propo- 
nents is a tidal wave of demand that is forcing many utilities to 
scramble in their search for an adequate supply of green electricity. 



248 



ECO-ECONOMY 



One reason wind farms are springing up in so many states is that 
this is one of the fastest ways of bringing new green power online. 
While green power marketing appears to be more advanced in the 
United States, it will likely spread to other countries soon. 

Other types of ecolabeling include the efficiency labels put on 
household appliances that achieve a certain standard in the use of 
electricity or other forms of energy. These have been in effect in 
many countries since the energy crisis of the late 1970s. There are 
also green labels provided by environmental or governmental groups 
at the national level. Among the better known environmental seal 
of approval programs are Germany's Blue Angel, Canada's Envi- 
ronmental Choice, and the U.S. Environmental Protection Agency's 
Energy Star. 41 

Tradable Permits 

Environmental taxes and tradable permits are both economic in- 
struments that can be used to reach environmental goals. The prin- 
cipal difference between the two is that with permits, governments 
set the amount of a given activity that is allowed, such as the har- 
vest from a fishery, and let the market set the price of the permits as 
they are auctioned off. With environmental taxes, in contrast, the 
price of the environmentally destructive activity is set by govern- 
ment in the tax rate, and the market determines the amount of the 
activity that will occur at that price. Both economic instruments 
can be used to discourage environmentally irresponsible behavior. 42 
The decision of when to use taxes as opposed to permits is not 
always a clearcut one. When it is desirable to keep an environmen- 
tally destructive activity below a certain level, permits are more 
precise than taxes, which have a less certain effect. Once permits 
are set at the desirable level, the market decides what they are worth. 
When taxes are fixed at a certain level, the market decides how 
best to minimize their effect by reducing the undesirable environ- 
mental activity. Governments have much more experience with 
environmental taxes. It is also clear that environmental taxes work 
under a wide range of conditions. Still, permits have been used 
successfully in two widely differing situations: restricting the catch 
in an Australian fishery and reducing sulfur emissions in the United 
States. 

Concerned about the threat of overfishing to its lobster fishery, 
the government of Australia estimated the sustainable yield of the 
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fishery and then issued permits totaling that amount. Fishers could 
then bid for these permits. In effect, the government decided how 
many lobsters could be taken each year and let the market decide 
how much the permits were worth. Since the permit trading sys- 
tem was adopted in 1986, the fisheries have stabilized and appear 
to be operating on a sustainable basis. 43 

Perhaps the most ambitious effort to date to use tradable per- 
mits was the U.S. effort to reduce sulfur emissions by half from 
1990 to 2000. Permits were assigned to some 263 of the more 
sulfur-dioxide-intensive electrical generating units operated by 61 
electric utilities. These were mostly coal-fired power plants east of 
the Mississippi River. The result was that sulfur emissions were cut 
in half between 1990 and 1995, well ahead of schedule. Although 
this approach has occasional hitches, the sulfur reduction effort is 
widely seen as successful, an approach that minimized the costs of 
achieving an environmental goal. 44 

Trading permits had been proposed by the U.S. government as 
a way to reach the carbon reduction goals of the Kyoto Protocol. 
Permits are desirable when there is a specific goal, but if the pur- 
pose is to stimulate a long-term trend, then graduated taxes over 
time may be preferable. If the goal is to reduce carbon emissions 
worldwide, with higher goals for industrial countries who burn 
disproportionately large amounts of fossil fuels, then governments 
can set taxes at a level appropriate to each country's situation. 45 

Support for Fiscal Restructuring 

Taxes and subsidies designed specifically to reach environmental 
goals are not yet widespread. As noted earlier, there has been some 
tax shifting in Europe, but it is still in the early stages, not exceed- 
ing more than 3 percent of the official revenue of any country. 
Governments have used environmental taxes to reduce the discharge 
of heavy metals into the environment in the Netherlands or the use 
of leaded gasoline in countries such as Malaysia, Thailand, and 
Turkey. But they have not yet been used effectively on big-ticket 
items. For example, no government has seriously discussed adopt- 
ing a carbon tax that would phase out fossil fuel use. 

As mentioned, in both Europe and North America polls show 
that 70 percent of voters on both sides of the Atlantic think it is a 
good idea. The challenge is to translate this approval into support. 
There has been little political leadership on the issue, especially 
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from the United States, the country the world looks to for leader- 
ship on major issues. The focus in the United States is almost ex- 
clusively on whether taxes are being raised or lowered, not on re- 
structuring the system. 46 

With subsidies, there is little public knowledge of the scale of 
subsidies. Many are hidden, some carefully disguised to reduce their 
public visibility. As the Earth Council report concluded, many gov- 
ernments of industrial countries have no way of knowing how much 
they subsidize fossil fuel use with various direct and indirect subsi- 
dies. For example, the U.S. oil depletion allowance, though it is 
not highly visible or regularly debated in Congress, is a powerful 
subsidy for oil use. 47 

David Roodman notes in The Natural Wealth of Nations that 
there is little organized support within the environmental commu- 
nity for tax shifting. Among the major environmental membership 
organizations in the United States, not one has a full-time staff 
person working on these issues. There are now two small U.S. 
groups working on fiscal shifting. The first is Taxpayers for Com- 
mon Sense, a group established in 1995 that has 1,000 members. 
The second is Green Scissors, a group that works specifically to 
eliminate environmentally destructive subsidies from the federal 
government's annual budget. 48 

Among economists, there is strong support for tax restructur- 
ing. This was evident in 1997 when some 2,500 leading econo- 
mists worldwide, including eight Nobel laureates, endorsed the idea 
of a carbon tax. The actions of this group made it clear that it is 
not the wisdom of restructuring our fiscal system that is the ques- 
tion, but whether we can overcome political inertia and the ob- 
stacles posed by the interests vested in the status quo. 49 

MIT economist Paul Krugman writes in the New York Times 
about the distortions in our economy that result from the failure of 
the market to reflect the full costs of many products and services. 
He observes, "you don't have to be an elitist to think that the na- 
tion has lately been making some bad choices about energy use, 
and about lifestyles more generally. Why? Because the choices we 
make don't reflect the true costs of our actions." Starting with the 
estimated annual $2.6 billion cost of traffic congestion in Atlanta 
in 1999, Krugman calculates that the decision by one person to 
commute by car in Atlanta now imposes on others an additional 
congestion cost of $3,500 per year — or $14 per workday. This is 
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each driver's part of the indirect or social costs per person of traffic 
congestion in Atlanta. As Krugman and other prominent econo- 
mists focus on these issues, it will help to raise public understand- 
ing of the need to incorporate indirect costs in the market prices 
that shape our decisions. 50 

Some key organizations are beginning to support the idea. A 
report on the environmental outlook in the 30 members of the 
Organisation for Economic Co-operation and Development 
(OECD) recommended a broad-based tax restructuring to deal with 
environmental threats. Since the OECD represents nearly all the 
leading industrial countries, its recommendations are certain to 
garner public attention. 51 

During 2001, The Economist — traditionally not a leader on 
environmental issues — has become an outspoken advocate of fis- 
cal restructuring. The editors recommend that governments not 
attempt to pick "the winners" among new energy technologies but 
instead "they would do better to provide a level playing field by 
scrapping the huge and usually hidden subsidies for fossil fuels, 
and by introducing measures such as carbon taxes so that the price 
of fossil fuels reflects the costs they impose on the environment 
and human health. " 52 

The potential benefits of fiscal restructuring are obvious. Fiscal 
policy, including the shifting of both taxes and subsidies, is the key 
to our success in building an eco-economy because it is systemic. 
Reducing mining subsidies not only makes metals produced from 
virgin ore more costly, for example, but it also indirectly encour- 
ages the recycling of metals. Similarly, raising the price of gasoline 
with a carbon tax that reflects the full cost to society of burning 
this fuel will permeate the entire economy, sending signals through 
the market that will lead to more environmentally responsible be- 
havior. 
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At a 1999 conference of corporate leaders and bankers, Robert 
Nef, the head of a Swiss research institute, shared with me a thought- 
ful definition of technology. "Technology," he said, "is nature's 
experiment with man." At issue for us today is how this experi- 
ment will turn out. 1 

Earlier chapters described the dimensions of the restructuring 
needed to build an eco-economy. The scale of the change needed is 
matched only by its urgency. Time is running out. The central ques- 
tion facing our generation is whether we can reverse environmen- 
tal deterioration before it spirals out of control, leading to global 
economic decline. 

We would like to think that such a tragedy cannot happen in 
the modern age, but we need only look at Africa to see what hap- 
pens when governments delay in responding to a threat — in this 
case, the spread of HIV. Nearly 40 million Africans have now been 
infected with the virus that causes AIDS. Several countries, includ- 
ing Botswana, Zimbabwe, and South Africa, could lose one fifth 
to one third of their adult populations by 2010. Africa's AIDS fa- 
talities during this decade may eclipse all fatalities during World 



Just as the governments of Africa let the AIDS virus spread, so 
the governments of India and China are letting water tables fall. 
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Since the ability to pump water from underground faster than na- 
ture replenishes it has evolved only during the last century, the world 
has little experience in dealing with aquifer depletion. We do know 
that failing to address the issue early on risks an even more cata- 
strophic result when the aquifer is depleted and the rate of pump- 
ing is reduced to the rate of recharge. 

Even while African governments let HIV spread and Asian gov- 
ernments let water tables fall, the United States is letting atmo- 
spheric carbon dioxide (C0 2 ) levels rise. The one country that is 
capable of single-handedly disrupting the earth's climate is doing 
so. The United States could reduce its carbon emissions by the 
modest amount called for in the Kyoto Protocol by 2010 and make 
a profit doing so, but it chooses not to. 

Other governments are watching as populations grow, doing 
little to facilitate family planning and the shift to smaller families. 
After nearly half a century of rapid population growth, farms al- 
ready divided once are now being divided again as another genera- 
tion comes of age. Shrinking plots of land are driving hundreds of 
millions of people either into nearby cities or across national bor- 
ders in search of a job. 

As water scarcity and land hunger spread, people become des- 
perate. It is this quiet desperation of trying to survive that drives 
them across national borders. In some cases, it drives them to their 
deaths, as tragically seen in the bodies of Mexicans who regularly 
perish trying to enter the United States by crossing the Arizona 
desert, and in the bodies of Africans washing ashore in Spain when 
their fragile watercraft come apart as they try to cross the Mediter- 
ranean. The combination of land hunger, water scarcity, soil ero- 
sion, desertification, and rising sea level all coming at once is a 
recipe for human migration on a scale that has no precedent. 

Unless we can build an eco-economy, the world that we leave 
our children will be a troubled one indeed. Restructuring the 
economy depends on restructuring taxes. (See Chapter 11.) If we 
fail to restructure the tax system, we will almost certainly fail to 
reverse the trends that are undermining our future. If this effort is 
not actively supported by all segments of society — not only gov- 
ernments, but also the communications media, corporations, non- 
governmental organizations (NGOs), and individuals, we will fail. 
Building an eco-economy is not a spectator sport. Everyone has a 
role to play. 
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United Nations Leadership 

In an age when so many environmental issues are binational, mul- 
tinational, or global in scale, countries often look to the United 
Nations for leadership. The first international environmental treaty 
completed after the founding of this world body was the Interna- 
tional Convention for the Regulation of Whales. Negotiated by 
delegates from 57 countries, it was signed in Washington, D.C., in 
1946. During the half -century since then, the United Nations has 
played a key role in negotiating 240 international environmental 
treaties ranging from the preservation of migratory birds to the 
protection of the stratospheric ozone layer. 3 

Over the decades, the United Nations has dealt with numerous 
threats to the earth's health. In May 1985, scientists reported a 
"hole" in the stratospheric ozone layer over Antarctica. This 
alarmed the international scientific community because the strato- 
spheric ozone layer protects life on earth from harmful ultraviolet 
radiation. Two years later, the U.N. Environment Programme 
(UNEP) assembled delegates from 150 countries in Montreal to 
negotiate the Protocol on Substances That Deplete the Ozone Layer. 
This international agreement set the stage for phasing out the wide- 
spread use of chlorofluorocarbons (CFCs), the family of chemicals 
primarily responsible for ozone layer depletion, reducing their use 
by more than 90 percent over the next 13 years. The negotiation of 
the Montreal Protocol and its implementation represent one of the 
finest hours of the United Nations. 4 

Another landmark treaty, the Convention on International Trade 
on Endangered Species of Wild Fauna and Flora (CITES), was ne- 
gotiated in 1973. This set the stage for active U.N. intercession in 
protecting endangered species. In 2001 this entailed trying to save 
Caspian Sea sturgeon. The catch of this fish, the source of world- 
renowned caviar, had fallen precipitously as illegal harvesting spread 
out of control. The United Nations convened a meeting of the coun- 
tries involved — Russia, Kazakhstan, Azerbaijan, and Turkmenistan. 
Iran, which was managing the sturgeon on its coastal waters re- 
sponsibly, was not called to the conference. Using its enforcement 
authority, CITES threatened to impose an embargo on trade in 
caviar if the countries did not work together to protect the stur- 
geon from extinction. In an early indication of the influence CITES 
now has, Russia announced in July 2001 that it was suspending 
commercial fishing for sturgeon. 5 
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Another of the many environmental contributions by the United 
Nations is the Law of the Sea Treaty, which established off-shore 
limits of up to 200 miles. Individual countries were given the re- 
sponsibility for managing their own fisheries. This treaty gives na- 
tional governments the authority they need to protect their coastal 
fisheries and to manage them for maximum sustainable yield. 

The United Nations also plays a prominent role on the climate 
front. It has mobilized 2,600 of the world's leading scientists to 
work in the Intergovernmental Panel on Climate Change (IPCC). 
This group, which contains numerous working groups, publishes 
a report every few years that provides the latest findings on climate 
change. The IPCC research and projections underpin international 
negotiations on climate stabilization. 6 

Despite the 240 international environmental treaties negotiated 
over the last half -century, degradation of the global environment 
continues. Although the United Nations has recorded numerous 
successes on the environmental front, the gap between what needs 
to be done and what is being done to ensure a sustainable future is 
widening. In the end, the United Nations cannot move any faster 
than its member governments will permit. 

When the United Nations convened the first conference on the 
environment in Stockholm in 1972, it gave the fledgling interna- 
tional environmental movement a legitimacy it had lacked. When 
it convened the Earth Summit in Rio de Janeiro in 1992, its princi- 
pal product was Agenda 21, a voluminous work on sustainable 
development. Although this consisted of bits and pieces of a sus- 
tainable future, it did not deal with the systemic economic change 
needed to create a sustainable future. 

In September 2002, the United Nations will convene the World 
Summit on Sustainable Development in Johannesburg, South Af- 
rica. In many ways, this conference will be a test of whether the 
international community is ready to take the steps needed to re- 
verse the earth's environmental deterioration before time runs out. 
Recognizing this, U.N. Secretary General Kofi Annan said in a 2001 
commencement address at Tufts University, "We must stop being 
so economically defensive and start being more politically coura- 
geous." 7 
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New Responsibility of Governments 

Building an eco-economy depends on a shared global vision and a 
broad understanding of the fiscal restructuring needed to realize 
the vision. It is up to governments to foster the national vision of 
an eco-economy and to adopt the ecologically defined economic 
policies needed to build it. This will require a systematic effort to 
incorporate input from ecologists in economic policy formulation, 
especially in restructuring taxes and subsidies to help the market 
reflect the ecological truth. 

Building public support for change of this scale will not be easy 
because it involves challenging vested economic interests. A sus- 
tainable economy will not emerge by accident, but only as a result 
of concerted, intelligent effort by an informed citizenry supporting 
strong political leaders. There is no substitute for political leader- 
ship in building an eco-economy. 

It is up to national governments to develop long-term plans of 
where we want to go and how we plan to get there. The basic 
components of this plan are rather straightforward. They include 
reestablishing a balance between carbon emissions and carbon fixa- 
tion, between aquifer withdrawals and aquifer recharge, between 
trees cut and trees planted, between soil loss and soil regeneration, 
and between human births and deaths. 

The issue is not whether these balances will eventually be estab- 
lished. The only question is how. If societies do not achieve a bal- 
ance between births and deaths by reducing births, nature eventu- 
ally will do so by raising deaths. With aquifers, the choice is whether 
to balance pumping and recharge soon — while there is time to ad- 
just — or to delay until the aquifer is depleted and the resulting fall 
in food production leads to potentially catastrophic food short- 
ages. 

Formidable though the effort to build a sustainable economy 
appears to be, almost all the component goals have been achieved 
by at least one country. China, for example, has reduced its fertility 
rate to below two children per woman and is thus headed for popu- 
lation stability within a few decades. Denmark has banned the con- 
struction of coal-fired power plants. Israel has pioneered new tech- 
nologies to raise water productivity. South Korea has covered its 
hills and mountains with trees. Costa Rica has a national energy 
plan to shift entirely to renewable sources to meet its future energy 
needs. Germany is leading the way in a major tax-shifting exercise 
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to reduce income taxes and to offset this with an increase in energy 
taxes. Iceland is planning the world's first hydrogen-based economy. 
The United States has cut soil erosion by nearly 40 percent since 
1982. The Dutch are showing the world how to build urban trans- 
port systems that give the bicycle a central role in increasing urban 
mobility and improving the quality of urban life. And Finland has 
banned the use of nonrefillable beverage containers. The challenge 
now is for each country to put all the pieces of an eco-economy 
together. 8 

Conveying the information needed to help people understand 
the imperative for change means collecting and disseminating in- 
formation on key environmental indicators on a regular basis. For 
example, governments publish economic data on such trends as 
new housing starts, employment levels, labor productivity, and in- 
ternational trade balances each month. There is now a need for 
governments to systematically gather and publish the environmen- 
tal data on such trends as carbon emissions, tree planting, water 
productivity, recycling rates, ice melting, and wind turbine installa- 
tions, so we can measure progress on the environmental front. 

An ideal way to transmit this information is through regular 
governmental press briefings that would relate these trends to the 
evolution of an eco-economy. Doing so could raise public under- 
standing to where people will not only accept change, but actively 
work for it. This could include, for example, a press conference on 
melting glaciers and ice caps and the consequences for the country 
of resulting rises in sea level. In countries where population contin- 
ues to grow, regularly assessing the future effect on the water sup- 
ply and cropland availability per person could help build public 
support for stabilizing population. 

Making the shift from a carbon-based to a hydrogen-based en- 
ergy economy will require a major government effort to lead and 
inform. While many environmentalists and professionals in the 
energy industry understand the need for this, few understand the 
technologies that will be involved or the incentives needed to en- 
sure that this fundamental shift proceeds on schedule. There is also 
a need for national annual reports on progress toward an eco- 
economy. The role of government, always important, is now even 
more so. 
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New Role for the Media 

Building an eco-economy quickly depends on a broad change in 
our public priorities and our private behavior, not only as consum- 
ers but, more important, as eco-economy activists. People change 
their behavior because of new information or new experiences. Our 
goal is to realize the needed changes in the economy through pro- 
viding new information, for if this fails, the inevitable adjustment 
could be painful. 

When thinking of the scale of the educational challenge, it is 
tempting to rely too heavily on the formal education system. But 
the generational time lags from teacher to student to eventual 
decisionmakers mean this approach is too slow on its own to fa- 
cilitate a massive economic restructuring in time. Given this con- 
straint of time, the world is necessarily dependent on the commu- 
nications media to raise public awareness. Only the media have the 
capacity to disseminate the needed information in the time avail- 
able. 

The communications media have an extraordinary ability to raise 
public understanding of issues if they wish to — witness their role 
in raising awareness of smoking and health issues in recent de- 
cades. A global environmental educational effort would rely heavily 
on the world's major news organizations, including such wire ser- 
vices as Associated Press and Reuters in English, Deutsche Press 
Agency in German, Agence France Presse in French, Kyodo News 
Service in Japanese, the Press Trust of India in English and local 
languages, Tass in Russian, EFE in Spanish, and Xinhua in Chi- 
nese. The global electronic news organizations, such as the British 
Broadcasting Corporation, Voice of America, and Cable News 
Network (CNN), also have a pivotal role to play. At the national 
level, television networks, news magazines, and newspapers are key 
players. 

One media shortcoming is the failure to convey the big picture. 
A newspaper might report that ice is melting in Alaska or on Mount 
Kilimanjaro, but fail to observe that ice is melting almost every- 
where. A research report of a particular glacier or ice cap melting is 
news, to be sure, but the bigger story is not being well covered. 

The same can be said about fish farming. There are occasion- 
ally stories of salmon farming in Norway, catfish farming in the 
southern United States, or fish farming in China. But the typical 
reader would have no way of knowing from newspaper coverage 
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that fish farming expanded by 11 percent a year during the 1990s 
and is on track to overtake world beef production by the end of 
this decade. That is the story. It is not being told. 9 

One reason for this information gap is that news media are not 
organized to deal with global issues and trends. A major news or- 
ganization typically has a national desk and a foreign desk. The 
latter includes reporters based abroad, operating at the country or 
regional level. But a foreign desk is not a global desk, regularly 
assigning global stories. These often go uncovered, falling through 
the cracks in an outmoded organizational structure. In the past, 
when virtually all news was local, when there were no perceptible 
climate changes, ozone layer depletion, or collapsing oceanic fish- 
eries, there was no need for global coverage. Today the key stories 
are global in scope, but there is no global desk to deal with them 
systematically. 

Despite occasional weaknesses, some news organizations have 
provided exemplary coverage of environmental issues. In the United 
States, Time magazine stands out. It moved to the forefront a de- 
cade ago when, instead of selecting a "man of the year" as it usu- 
ally does in the first issue of each year, it surprised readers by select- 
ing Earth as "planet of the year," devoting the issue to an analysis 
of the environmental issues facing humanity. 10 

Then in the fall of 1997, under the leadership of Charles 
Alexander, Time produced a special issue of its international edi- 
tion entitled "Our Precious Planet: Why Saving the Environment 
Will be the Next Century's Biggest Challenge." The issue recog- 
nized, in a way that few major news organizations have, the ex- 
traordinary dimensions of the challenge facing humanity as we try 
to sustain economic progress in the face of continuing environ- 
mental deterioration. 11 

After President Bush shocked the world by abandoning the 
Kyoto Protocol, Time devoted an issue to the President's decision 
and its consequences, with 16 pages of discussion of the basic sci- 
ence and evidence of climate change. This issue also included the 
results of a CNN /Time poll showing that the majority of Ameri- 
cans are concerned about global warming, and a statement by 10 
eminent global citizens, including Jimmy Carter and Mikhail 
Gorbachev, calling for the President to support the Kyoto Proto- 
col. 12 

Also at the front of the media pack is Nikon Kezai Sbimbun, 
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Japan's premier business newspaper, which has a larger circulation 
than the Wall Street Journal. Under the leadership of editorial page 
director Tadahiro Mitsuhashi, this business newspaper has pub- 
lished numerous cutting-edge articles and editorials on environ- 
mental issues, including support of zero emissions as a goal for 
industry. 13 

At the international level, CNN under Ted Turner's leadership 
has been a consistent leader in covering environmental issues. In 
addition to regular weekly programs, CNN has carried numerous 
specials on the environment. 

One of the strengths of large news organizations is that they can 
draw global attention to local environmental issues, often before 
they escalate into global issues. Media coverage of the ozone hole 
discovered over Antarctica in 1985 played a key role in mobilizing 
worldwide public support for phasing out CFCs. The media can 
also share with the world successful local responses to environ- 
mental issues, which would help in replicating them elsewhere. 14 

The bottom line is that disseminating information on the scale 
needed to build an eco-economy in the time available is not likely 
to succeed unless the communications media can raise public un- 
derstanding to the point where people will support these changes. 
This is not a responsibility that editors and reporters have asked 
for or, indeed, that most would want to assume. But there is no 
alternative. We are facing a situation so totally different from any 
that our modern civilization has faced before that entirely new ini- 
tiatives are required. 

The Corporate Interest 

Like the rest of society, corporations have a stake in building an 
eco-economy. Profits do not fare well when an economy is declin- 
ing or threatening to collapse. The stakes are particularly high in 
the energy sector, which is affected much more than, for example, 
the food sector. To become sustainable, the latter needs to be modi- 
fied, but the former needs to be fundamentally restructured. 

There are essentially two approaches that fossil fuel firms can 
take. They can try to defend the status quo or they can see climate 
stabilization as the greatest investment opportunity in history. In 
the United States, the Global Climate Coalition (GCC) — an indus- 
try group — was formed by those who wanted to resist the restruc- 
turing of the global energy economy. In opposition to the Kyoto 
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agreement, the GCC engaged in a massive disinformation campaign, 
one designed to confuse the American public about the urgent prob- 
lem of climate change. 15 

The first break in the united front presented by the fossil fuel 
industry came in a speech by John Browne, the head of BP, at 
Stanford University in May 1997. (See Chapter 5.) He acknowl- 
edged that climate change was a potentially serious threat and an- 
nounced that BP was no longer an oil company, but an energy 
company. Browne's talk sent shock waves of distress through the 
oil community and ripples of excitement through the environmen- 
tal community. A major oil company had broken ranks. 16 

Browne's speech set the stage for change. He announced that 
BP was withdrawing from the Global Climate Coalition. Dupont 
had already left. The following year, Royal Dutch Shell announced 
that it, too, was leaving. Its corporate goals, like those of BP and 
Dupont, no longer meshed with those of the GCC. Like BP, it no 
longer viewed itself as an oil company, but as an energy company. 17 

In 1999, the Ford Motor Company withdrew from the GCC. 
In rapid succession in the early months of 2000, DaimlerChrysler, 
Texaco, and General Motors (GM) announced that they too were 
leaving the coalition. With the departure of GM, the world's larg- 
est automobile company, the die was cast. A spokesman for the 
Sierra Club quipped, "Maybe it is time to ask the last one out to 
turn out the lights." 18 

Some major corporations are not only visualizing an eco- 
economy, but are starting to build it. As described in Chapter 5, 
Royal Dutch Shell and DaimlerChrysler are leading a consortium 
of corporations that is working with the Icelandic government to 
make that country the world's first hydrogen-powered economy. 
And in June 2000, ABB, the Swiss-based giant in the global power 
industry, with an annual turnover of $24 billion, announced a major 
restructuring. It indicated that henceforth it would be emphasizing 
alternative energy sources, such as wind. It announced that its en- 
gineers had designed a new wind turbine called the Wind Former, 
a machine that reduces generating costs by 20 percent below the 
most efficient turbines now in use. 19 

ABB is abandoning its traditionally dominant role in the con- 
struction of large-scale thermal power plants, including those pow- 
ered by coal, oil, gas, and nuclear energy. In 1999, ABB sold off its 
large-scale power generating business, with the principal units go- 
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ing to Alston, of France, and to British Nuclear Fuels. It was thus 
repositioning itself for a major push in the development of small- 
scale, renewable energy generation. A company with a vision of 
the new energy economy, ABB is planning to concentrate on devel- 
oping wind and small-scale combined-cycle heat and power, as well 
as fuel cells. It plans to use information technology to integrate 
these distributed sources into a single grid. 20 

Looking to the future, ABB sees 755 million households in the 
world without electricity. The overwhelming majority of these 
households do not even have access to an electricity grid. For them, 
ABB believes it will be cheaper to install small-scale power than to 
invest in large thermal power plants and building a grid, both of 
which are costly. In its vision of the new energy economy, ABB 
suggests, for example, that "a small town might be supplied by a 
mix of combined heat and power, generating facilities, wind power, 
fuel cells, and photovoltaic energy with output from individual 
sources being adjusted via a micro-grid to compensate for seasonal 
variations in wind speeds and sunshine." 21 

Many companies have set their own goals for reducing carbon 
emissions — and they substantially exceed the goals of the Kyoto 
Protocol. For example, Dupont, measuring its goals in terms of 
C0 2 equivalent emissions, plans to reduce greenhouse gas emis- 
sions 65 percent from 1990 levels. 22 

Firms in some other industries are going even further in setting 
environmental goals. Among these are Interface, a manufacturer 
of industrial carpet based in Atlanta, Georgia, and 
STMicroelectronics, an Italian-based semiconductor manufacturer. 
Ray Anderson, the CEO of Interface, became an avid environmen- 
talist in 1994 after reading The Ecology of Commerce by Paul 
Hawkins. Since his conversion, he has become an enthusiastic ad- 
vocate of building an eco-economy. In Fortune magazine, he de- 
scribed plans for his firm: "Interface of Atlanta, my company, is 
changing course to become sustainable — to grow without damag- 
ing the earth and to manufacture without pollution, waste, or fos- 
sil fuels. If we get it right, our company and our supply chain will 
never have to take another drop of oil." 23 

The Interface plan is to generate no waste and no carbon emis- 
sions — to be totally sustainable. Instead of selling carpet to compa- 
nies, Anderson wants to sell carpeting services, an arrangement 
whereby Interface agrees to maintain a certain style and level of 
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carpeting in a company's offices for, say, 10 years. Worn carpet will 
be returned to the factory, melted down, and respun into new fi- 
ber. This new carpet then goes on the floor. "Our goal," Anderson 
says, "is not to lose a single molecule of carpeting material." This 
system, which requires no raw materials and sends nothing to the 
landfill, closes the loop. 24 

Interface's zero carbon emissions goal is being achieved by turn- 
ing to solar cells and wind energy to power its plants. For energy 
uses that cannot be covered by these renewable sources, the com- 
pany plans to offset carbon emissions by planting trees. 25 

STMicroelectronics, one of the world's largest manufacturer of 
semiconductors, is also committed to an environmentally sustain- 
able operation. Pasquale Pistorio, president and CEO, matches the 
fervor of Ray Anderson. After being ranked first in eco-efficiency 
among 14 semiconductor companies worldwide, Pistorio said that 
"none of ST's environmental initiatives have taken more than three 
years to pay back, while our reputation as the semiconductor 
industry's 'green leader' helps us to attract the young, talented en- 
gineers that are essential to sustain our growth and keep us at the 
leading edge of the industry that is transforming the world. " 26 

Like Anderson, Pistorio also wants to build an environmentally 
neutral corporation, and to do it by 2010. The company plans to 
reduce carbon emissions by shifting to an energy mix for 2010 that 
relies on cogeneration for 65 percent of its energy, conventional 
sources for 30 percent, and renewables for 5 percent. This will still 
leave it with a net contribution of C0 2 into the atmosphere, which 
it plans to offset by planting enough trees to sequester roughly 1 
million tons of carbon emissions per year. The company's net rev- 
enues in 1999 exceeded $5 billion, with net earnings of $547 mil- 
lion; in 2000, net revenues were estimated at $6.7 billion, with 
earnings of $1.3 billion. 27 

Pistorio dates his environmental conversion to reading State of 
the World 1994 from the Worldwatch Institute. Since then, he not 
only has begun to reshape his company, but each year he distrib- 
utes English, Italian, and French editions of State of the World to 
his senior staff and to European political and business leaders. 28 

These two firms are models of future corporations, the compa- 
nies that will make up the eco-economy. Both CEOs support a 
restructuring of the tax system, one that reduces income taxes and 
increases taxes on environmentally destructive activities, including 
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the carbon emissions that are disrupting the earth's climate. These 
two firms, in different industries and from different cultures, have 
identical goals. Each wants to build a corporation that meets hu- 
man needs, provides generous profits to stockholders, and does it 
in a way that is environmentally neutral. Their CEOs have reached 
this point for the same reasons. They understand that the economy 
depends entirely on the earth's natural support systems. If these 
deteriorate, the deterioration of the economy cannot be far behind. 
In the end, their interest is not altruism, it is self-interest. 

Both emphasize that being "green" pays. This is perhaps not 
surprising, since more-enlightened managers are more aware of 
environmental issues. Those clinging to the past, always trying to 
defend the status quo, are by definition not likely to be the more 
talented managers. As Ray Anderson has "greened" his firm since 

1994, sales have surged 77 percent, profits are up 81 percent, and 
the stock price is up 70 percent. Amory Lovins, a longtime energy 
efficiency advocate who has served as a consultant to Anderson, 
notes that the sales representatives adopt the CEO's vision and be- 
come eco-crusaders as they pitch their carpeting with renewed fer- 
vor. Lovins observes, "This happens a lot in green companies. Free- 
ing up the contradictions between making a living and doing it in a 
way that your kids can be proud of you causes an implosion of 
energy. " 

NGOs and Individuals 

Few areas of human activity have been so dominated by NGOs as 
the environmental movement. Broadly speaking, NGOs evolve to 
fill gaps left by government and the business sector. Literally thou- 
sands of such groups have been formed in both industrial and de- 
veloping societies. Most NGOs are public interest groups as op- 
posed to special interest groups. 

Environmental groups are sometimes local, single-issue organi- 
zations with a handful of members. Others are full-spectrum groups 
that are global in their membership and orientation. Membership 
may vary from a handful of people to several million. The World 
Wide Fund for Nature (WWF), for example, with a worldwide 
membership that climbed from 570,000 in 1985 to 5.2 million in 

1995, has an influence on environmental policy that exceeds that 
of many governments. Environmental groups play a major educa- 
tional role through their press releases, magazines, newsletters, Web 
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sites, and electronic mailing lists. When coalitions mobilize to fo- 
cus on a single issue, they can become a formidable political force. 30 

Using the Internet to mobilize political support for environmental 
actions is a valuable new asset in the effort to build an eco-economy. 
Thousands of environmental NGOs have Web sites and electronic 
mailing lists that provide information on key issues. Concerned 
individuals can develop their own electronic mailing lists, distrib- 
uting environmental information to hundreds, if not thousands, of 
friends and associates. 

Research by environmental groups provides information to guide 
environmental activists. The Worldwatch Institute, founded in 1974 
in Washington, D.C., was the first such global environmental re- 
search group, followed by the World Resources Institute (WRI) in 
1982, also in Washington, and the Wuppertal Institute in Germany. 
Research by these and other groups underpinned much of the dis- 
cussion at the Earth Summit in Rio de Janeiro in 1992. 

The annual State of the World report launched by Worldwatch 
in 1984 was designed to fill the gap in the series of U.N. annual 
reports. For example, the World Health Organization produces The 
State of the World's Health, the U.N. Food and Agriculture Orga- 
nization publishes The State of Food and Agriculture, and the U.N. 
Population Fund, The State of the World's Population. But until 
UNEP launched a comprehensive Global Environmental Outlook 
report, the United Nations had failed to produce a regular state of 
the environment report. As evidence of the hunger for environ- 
mental information, Worldwatch Institute's annual State of the 
World report has been translated into more than 30 languages. 

The World Resources Institute is anchoring a worldwide col- 
laborative effort on a "Millennium Ecosystem Assessment." This 
project, in which WRI has involved the World Bank, UNEP, and 
the U.N. Development Programme, is by far the most ambitious, 
detailed assessment of global ecosystems ever undertaken. Involv- 
ing major scientific bodies and hundreds of scientists, this project 
is designed to provide information on the present and likely future 
condition of the world's ecosystems to guide future ecosystem man- 
agement. 31 

At the other end of the environmental spectrum is Greenpeace, 
an activist organization. It shares the same goals as the research 
institutes, but whereas they rely on analysis and information to 
bring about change, Greenpeace relies primarily on political con- 
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frontation and media events that can rally public opinion. Even 
the threat of a boycott of a company product can induce changes 
in corporate policy. This was perhaps most dramatically displayed 
in 1996, when Shell was planning to dispose of a wornout oil rig, 
the Brent Spar, by simply dumping it in the North Sea. Greenpeace's 
attack on Shell over this plan took the form of a boycott of service 
stations in Germany. In the face of declining gasoline sales, Shell 
acquiesced and developed another means of disposal. 32 

NGOs have greatly strengthened their role at the international 
level as a result of advances in communication, including the fax 
machine, e-mail, and the cell phone. In 1998, for example, govern- 
ments of 29 of the more affluent countries entered into closed- 
door negotiations on a multilateral agreement on investment. NGOs 
mounted a worldwide challenge to this secretive process and aroused 
so much public concern that they were able to bring it to a halt. 
The groups that objected to these negotiations were concerned that 
this agreement on investment would lead to a downward spiral in 
both environmental standards and wages — in the words of one 
analyst, "a race to the cellar." 33 

In late 1999, the World Trade Organization (WTO), which was 
founded in 1995 as the successor to the General Agreement on 
Tariffs and Trade, convened a meeting in Seattle to develop the 
agenda for a new round of trade talks — the Millennium Round. 
Although only a few years old, the WTO had gained a reputation 
for recognizing only bottom-line economic issues. It seemed more 
or less oblivious to environmental and social issues affected by trade 
policy decisions. In virtually every case involving conflicts between 
trade expansion and environmental protection, the WTO had ruled 
in favor of trade expansion. 34 

The WTO had set off alarm bells for those in environmental 
groups, in organized labor, and in developing countries, which of- 
ten came out on the wrong end of trade liberalization negotiations. 
The Seattle meeting was attended by some 5,000 delegates and 
political leaders, including environment and trade ministers, from 
more than 150 countries. But there were also 50,000 protesters 
who used civil disobedience to disrupt transportation and the con- 
vening and progress of the talks. The U.S. National Guard inter- 
vened, using tear gas and arresting hundreds of protesters in a re- 
sponse reminiscent of anti-war demonstrations of the early 1970s. 
A dusk-to-dawn curfew was imposed. Fifty square blocks in down- 
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town Seattle were set aside as a "no protest zone." 35 

In the end, the talks collapsed largely because of public criticism 
of the failure to consider environment and poverty adequately. WTO 
officials were in a state of shock and may never be the same again. 
Nor should they be. If they were not aware of environmental and 
social issues before the protests in Seattle, they are now. Most U.N. 
agencies, the World Bank, and national governments now recog- 
nize that NGOs are stakeholders, that they often represent societal 
interests even more effectively than do elected politicians, who are 
sometimes corrupted by the political process. NGOs have acquired 
experience, expertise, and skill in analyzing issues and in confront- 
ing governments that they believe are behaving irresponsibly. They 
are now treated less as mere critics on the sidelines and more as 
partners in negotiations and in developing agendas for international 
conferences. 

From time to time, a government or group of governments sides 
with NGOs on an issue. In 1997, for example, Taiwan announced 
a plan to dispose of nuclear waste in North Korea. Unwilling or 
unable to dispose of it within its boundaries, the government was 
taking advantage of the abysmal poverty in North Korea to buy a 
place to dump the waste from nuclear power plants. The govern- 
ment of South Korea and the powerful Korean Federation of Envi- 
ronmental Movement combined forces in opposition to this plan. 
In the end, they succeeded. 36 

In 1997, a loose array of some 400 NGOs and the Canadian 
government launched an effort to ban the use of landmines. Al- 
though the United States was opposed to the effort, the NGOs 
mobilized enough public opinion to get the signatures of 122 gov- 
ernments on the landmine-banning treaty. By now, 117 countries 
have ratified the accord, which went into force on 1 March 1999. 
New communications technologies played a central role in mobi- 
lizing worldwide political support in support of the ban. 37 

Individuals also play an important role in the global environ- 
mental movement. Indeed, Rachel Carson, who wrote Silent Spring, 
is widely credited with being the founder of the modern environ- 
mental movement. Her book, which dealt with the use of pesti- 
cides, such as DDT, that were threatening bird populations, filled a 
gap because the U.S. government was not responding to this threat. 

Ted Turner, founder of CNN, set the standard for individual 
philanthropy when in 1997 he announced his gift of $1 billion to 
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the United Nations to support work on population stabilization, 
environmental protection, and the provision of health care. He cre- 
ated the UN Foundation to serve as a vehicle through which the 
resources could be transferred. Turner could have waited, leaving 
a bequest to set up the foundation after his death. But given the 
urgency of the situation, he argued that billionaires needed to re- 
spond now to the world's most pressing problems before they spin 
out of control, becoming unmanageable. It is quite likely that 
Turner's initiative affected Bill Gates of Microsoft and other newly 
minted billionaires. Gates himself has now set up the world's larg- 
est foundation and is allocating sums of money that dwarf the re- 
sources of many governments in an effort to improve health and 
stabilize population in developing countries. 38 

At the grassroots level, Wangari Maathai, who has organized 
women in Kenya to plant trees, serves as a model for environmen- 
talists everywhere. She wants to reforest Kenya and restore its envi- 
ronmental health. Because she often challenges corrupt political 
leaders, she has been beaten and threatened numerous times. Simi- 
larly, Chico Mendes organized rubber tappers in the Amazon who 
depend on the trees for their livelihoods. They opposed the large 
ranchers who wanted to convert these forested regions to range- 
land. Although Mendes paid the ultimate price when he was gunned 
down by killers hired by the ranchers, the movement he started 
continues. 39 

NGOs and individuals have been instrumental in bringing about 
many basic changes, playing a leading role in bringing the growth 
of nuclear power to a halt, in raising public awareness of climate 
change, and in putting water scarcity on the global agenda. The 
challenge to environmental groups now is to broaden their agen- 
das so they can promote a shared vision of an eco-economy and 
can work together to make it a reality. 

Crossing the Threshold 

Students of social change often think in terms of thresholds of 
change. A threshold, a concept widely used in ecology in reference 
to the sustainable yield of natural systems, is a point that when 
crossed can bring rapid and sometimes unpredictable change in a 
trend. In the social world, the thresholds of sudden change are no 
less real, though they may be more difficult to identify and antici- 
pate. Among the more dramatic recent threshold crossings is the 
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one that led to the political revolution in Eastern Europe in 1989 
and 1990, the year the Berlin Wall came down, as well as the one 
that led to the dramatic decline in cigarette smoking in the United 
States. 

The political change in Eastern Europe came with no apparent 
warning. It almost seems as if one morning people woke up and 
realized that the great socialist experiment, with its one-party po- 
litical system and centrally planned economy, was over. Even those 
in power realized this, which was why it was essentially a blood- 
less political revolution. Interestingly, no articles in political sci- 
ence journals during the 1980s forecast this fundamental change 
in governance. Although we do not understand the process well, 
we do know that at some point in Eastern Europe a critical mass 
had been reached — that a time came when so many people were 
convinced of the need for change that the process achieved an irre- 
sistible momentum. 

A similar scenario unfolded with smoking in the United States. 
In the early 1960s, smoking was increasingly popular among Ameri- 
cans — a habit that was aggressively promoted by the cigarette manu- 
facturers. Then in 1964 the U.S. Surgeon General released a report 
on the relationship between smoking and health, the first in a se- 
ries that has appeared almost every year since then. These reports, 
and media coverage of the thousands of research projects the re- 
ports spawned, fundamentally altered the way people think not 
only about their own smoking but also about secondhand smoke 
from the cigarettes of others. 

So strong was this shift in thinking that in November 1998 the 
tobacco industry, after arguing under oath for decades that there 
was no proof of a link between smoking and health, agreed to 
reimburse state governments for the past Medicare costs of treat- 
ing smoking-related illness. This settlement with 46 state govern- 
ments, plus separate agreements reached earlier with the other four 
states, totaled $251 billion. (See also Chapter 11.) If anyone had 
forecast in, say, 1995 that the tobacco industry would cave in and 
agree to this massive reimbursement, it would have been hard to 
believe. At that time the tobacco industry was still hiring "medical 
experts" to testify before congressional committees that there was 
no proof of a link between smoking and health. 40 

This revolution in attitudes has reversed the trend in cigarette 
smoking in the United States, dropping it from a high of 2,810 
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cigarettes per person in 1980 to 1,633 in 1999 — a decline of 42 
percent. It has also spread to other countries, leading to a world- 
wide decline in cigarettes smoked per person of 11 percent from 
the historical peak reached in 1990. The number of cigarettes 
smoked per person has dropped 19 percent in France since peak- 
ing in 1985, 8 percent in China since 1990, and 4 percent in Japan 
since 1992. 41 

Emboldened by this effort and the realization that an estimated 
4 million people die prematurely each year from smoking ciga- 
rettes, the World Health Organization under the leadership of Gro 
Harlem Brundtland, former Prime Minister of Norway, is now 
putting together a worldwide campaign to eradicate cigarette smok- 
ing. The global effort to reverse the worldwide smoking trend be- 
gan with a research and information dissemination initiative by a 
national government. The information in the countless reports on 
smoking and health over the decades was regularly disseminated 
by news organizations and used by NGOs to mobilize support for 
restrictions on smoking. 42 

An earlier, much more abrupt shift in thinking in the United 
States may be even more relevant to the economic restructuring 
needed today. In 1940 and 1941, there was a vigorous debate in 
the United States about whether the country should become in- 
volved in the war in Europe. Although most Americans were 
strongly opposed to U.S. entrance into the war, President Franklin 
Roosevelt felt that U.S. involvement was inevitable. But the major- 
ity of the American people did not want to be pulled into Europe's 
internal conflicts again, arguing that 160,000 young American men 
had died in World War I without being able to establish a lasting 
peace. 

Then came the Japanese attack on Pearl Harbor on December 
7, 1941, which crippled the U.S. Pacific fleet. The debate was over. 
The United States declared war and began to mobilize. Things 
changed rapidly. One day men were working in factories and of- 
fices. The next they were in military training camps. Women who 
had been working at home suddenly found themselves on assem- 
bly lines. One day Chrysler was making cars. The next it was mak- 
ing tanks. Consumption of gasoline, rubber, and sugar was rationed. 
The entire U.S. economy was restructured almost overnight in what 
was referred to as the "war effort." The attack on Pearl Harbor 
had lifted the United States past a threshold. 



272 



ECO-ECONOMY 



Now as we face the need for a wholesale restructuring of the 
global economy, for a Copernican-scale shift in economic think- 
ing, we need to be lifted past a similar threshold. The ecological 
trends of recent years are driving a paradigm shift toward an eco- 
economy. For years, these trends were marginalized by policymakers 
as "special interest" topics, but as developments have come to im- 
pinge more and more directly on people's lives, this has begun to 
change. 

We see these changes occurring with energy, for example. Most 
leaders in the energy economy now realize that shifting from a car- 
bon-based to a hydrogen-based energy economy is almost inevi- 
table. Attitudes toward various energy sources are changing. Coal, 
which fueled the early Industrial Revolution, is now seen as a vil- 
lain among fuels. Natural gas is the fossil fuel of choice. 

And attitudes toward nuclear power have changed. The destruc- 
tive explosion at the Chernobyl nuclear reactor in the Soviet Ukraine 
in early April 1986 did what hundreds of studies assessing the risks 
of nuclear power could never have done: it made the dangers real. 
Fresh vegetables were declared unfit for human consumption in 
northern Italy. Polish authorities launched an emergency effort to 
administer iodine tablets to children. The livelihood of the Lapps 
in northern Scandinavia was threatened when reindeer became too 
radioactive to bring to market. In the Soviet Union itself, 100,000 
people in the vicinity of the reactor were forced to abandon their 
homes. 43 

More fundamentally, nuclear power is no longer an economi- 
cally viable energy source. Wherever markets for electricity have 
been opened to competition, as in the United States, no one is in- 
vesting in nuclear reactors. When the costs of decommissioning 
nuclear power plants, which may rival those of construction, and 
the costs of disposing of nuclear waste are incorporated into cost 
calculations, it seems clear that nuclear power has no economic 
future. 

Meanwhile, in sharp contrast, wind power is gaining rapidly in 
public favor. In the United States, where the modern wind energy 
industry was born in the early 1980s, four trends are converging to 
create a potentially explosive growth in wind energy use. One, the 
cost of generating electricity from wind is falling fast. (See Chapter 
5.) Two, there is a growing realization of the worldwide abun- 
dance of wind energy. Three, as farmers and ranchers realize that 



Accelerating the Transition 



273 



they own most of the wind rights in the country, a new agricultural 
lobby is emerging in support of wind power, joining the environ- 
mental lobby that has been supporting it for years. 

The fourth trend that is spurring the growth in wind power is 
the requirement by more and more state utility commissions that 
utilities offer their customers a "green power" option. (See Chap- 
ter 11.) This is enabling individuals, companies, and local govern- 
ments to vote with their pocketbooks. And they are doing so in 
growing numbers. The convergence of these four trends is creating 
a situation where wind electric generation is likely to soon become 
a major U.S. energy source. 

Changes are also under way in other sectors, such as the forest 
products industry. The United States appears to be crossing the 
threshold for responsible forest management as the principles of 
ecology replace basic economics in shaping the management of 
national forests. After several decades of building roads with tax- 
payers' money to help logging companies clearcut publicly owned 
forests, the Forest Service announced in early 1999 that it was im- 
posing a moratorium on road building. For decades the goal of the 
forest management system, which had built some 600,000 kilome- 
ters (400,000 miles) of roads to facilitate clearcutting, had been to 
maximize the timber harvest in the short run. 44 

But in 1998, Forest Service chief Michael Dombeck, respond- 
ing to a major shift in public opinion, introduced a new manage- 
ment system — one designed to maintain the integrity of the ecosys- 
tem and to be governed by ecology, by a complete cost accounting 
that includes both the goods and the services that forests provide. 
Henceforth, the 78 million hectares of national forests — more than 
the area planted to grain in the United States — will be managed 
with several goals in mind. For example, the system will recognize 
the need to manage the forest so as to eliminate the excessive flood- 
ing, soil erosion, silting of rivers, and destruction of fisheries asso- 
ciated with the now-banned practice of clearcutting. Under the new 
policy, the timber harvest from national forests, which reached an 
all-time high of 12 billion board feet per year during the 1980s, 
has been reduced to 3 billion board feet. 45 

The United States is not the only country to institute a radical 
change in forest management. In mid-August 1998, after several 
weeks of near-record flooding in the Yangtze river basin, Beijing 
acknowledged for the first time that the flooding was not merely 
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an act of nature but was exacerbated by the deforestation of the 
upper reaches of the watershed. Premier Zhu Rongji, recognizing 
the water storage and flood control capacity of forests, personally 
ordered not only a halt to the tree cutting in that area, but also the 
conversion of some state timbering firms into tree-planting firms. 
(See Chapter 3.) Another key threshold was crossed. 46 

A chastened tobacco industry, oil companies investing in hy- 
drogen, reformed forest management in the United States and 
China — these are just some of the signs that the world may be ap- 
proaching a paradigm shift on the scale described in Chapter 1. 
Across a spectrum of activities, places, and institutions, attitudes 
toward the environment have changed markedly in just the last 
few years. Among giant corporations that could once be counted 
on to mount a monolithic opposition to serious environmental re- 
form, a growing number of high-profile CEOs have begun to sound 
more like environmentalists than representatives of the bastions of 
global capitalism. 

If the evidence of a global environmental awakening were lim- 
ited to only government initiatives or a few corporate initiatives, it 
might be dubious. But with the evidence of growing momentum 
now coming on both fronts, the prospect that we are approaching 
the threshold of a major transformation becomes more convinc- 
ing. The question is, Will it happen soon enough? Will it happen 
before the deterioration of natural support systems leads to eco- 
nomic decline? 

Is There Enough Time? 

Can we do what needs to be done fast enough? We know that 
social change often takes time. In Eastern Europe, it was fully four 
decades from the imposition of socialism until its demise. Thirty- 
four years passed between the first U.S. Surgeon General's report 
on smoking and health and the landmark agreement between the 
tobacco industry and state governments. Thirty-eight years have 
passed since biologist Rachel Carson published Silent Spring, the 
wakeup call that gave rise to the modern environmental movement. 

Sometimes things move much faster, especially when the magni- 
tude of the threat is understood and the nature of the response is 
obvious, such as the U.S. response to the attack on Pearl Harbor. 
Within one year, the U.S. economy had largely been restructured. 
In less than four years, the war was over. 
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Accelerating the transition to a sustainable future means over- 
coming the inertia of both individuals and institutions. In some 
ways, inertia is our worst enemy. As individuals we often resist 
change. When we are grouped into large organizations, we resist it 
even more. 

At the institutional level, we are looking for massive changes in 
industry, especially in energy. We are looking for changes in the 
material economy, shifting from a throwaway mentality to a closed 
loop/recycle mindset. If future food needs are to be satisfied ad- 
equately, we need a worldwide effort to reforest the land, conserve 
soil, and raise water productivity. Stabilizing population means quite 
literally a revolution in human reproductive behavior, one that rec- 
ognizes that a sustainable future is possible only if we average two 
children per couple. This is not a debatable point. It is a math- 
ematical reality. 

The big remaining challenge is on the educational front: how 
can we help literally billions of people in the world understand not 
only the need for change, but how that change can bring a life far 
better than they have today? 

I am frequently asked if it is too late. My response is, Too late 
for what? Is it too late to save the Aral Sea? Yes, the Aral Sea is 
dead. Its fish have died; its fisheries have collapsed. Is it too late to 
save the glaciers in Glacier National Park in the United States? Most 
likely. They are already half gone and it would be virtually impos- 
sible now to reverse the rise in temperature in time to save them. Is 
it too late to avoid a rise in temperature from the buildup in green- 
house gases? Yes. A greenhouse gas-induced rise in temperature is 
apparently already under way. But is it too late to avoid runaway 
climate change? Perhaps not, if we quickly restructure the energy 
economy. 

For many specifics, the answer is, Yes, it is too late. But there is 
a broader, more fundamental question: Is it too late to reverse the 
trends that will eventually lead to economic decline? Here I think 
the answer is no, not if we move quickly. 

Perhaps the biggest single challenge we face is shifting from a 
carbon-based to a hydrogen-based energy economy, basically mov- 
ing from fossil fuels to renewable sources of energy, such as solar, 
wind, and geothermal. How fast can we make this change? Can it 
be done before we trigger irreversible damage, such as a disastrous 
rise in sea level? We know from the U.S. response to the attack on 
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Pearl Harbor that economic restructuring can occur at an incred- 
ible pace if a society is convinced of the need for it. 

We study the archeological sites of civilizations that moved onto 
economic paths that were environmentally destructive and could 
not make the needed course corrections in time. We face the same 
risk. 

There is no middle path. Do we join together to build an 
economy that is sustainable? Or do we stay with our environmen- 
tally unsustainable economy until it declines? It is not a goal that 
can be compromised. One way or another, the choice will be made 
by our generation. But it will affect life on earth for all generations 
to come. 



from Lester R. Brown, Eco-Economy: Building an Economy for the Ea 
(W. W. Norton & Co., NY: 2001) 
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